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1.0 SUMMARY

1.1 Introduction

This final report presents the results of LinCom's efforts on the study
of the "Space Shuttle/TDRSS Communication and Tracking Systems Analysis,“
performed under Contract No. NAS9-17349. It represents a portion of the work
accomplished during the reporting period May 1, 1985 through April 30, 1986.

LinCom has been under contract to NASA/JSC since August 1976 to modify
and extend an analytical simulation package (LinCsim) which allows the
analytical verification of data transmission performance through TDRSS
saté]]ites. The scope of this effort has recently been expanded to include the
effects of radio frequency interference (RFI) on the bit error rate (BER)
performance of the S-band return 1inks. On the other hand, since 1976 LinCom
has been expanding this program to make it also applicable to Shuttle
unique/ground station capabilities.

Now that both the TORSS and Shuttle programs have completed the
conceptual design phases and most of the design/development activities
(especially the TDRSS), it is time for the NASA to focus it's attention on
potential enhancements to the Shuttle and TDRSS communication system as well
as the Shuttle navigation sensors that can upgrade the Shuttle communications,
tracking and navigation capabilities. In order to evaluate the technical and
operational problem areas and provide a recommendation, the NASA/JSC Statement
of Work (SOW) provides for a study to evaluate these enhancements through
simulation and analysis. These enhancement techniques must first be
characterized, then modeled mathematically, and finally updated into LinCsim.

The LinCsim package can then be used as an evaluation tool.
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2.0 SUMMARY OF WORK ACCOMPLISHED

This final report documents the analysis, modeling, simulation and
evaluation performed by LinCom under two tasks contained in the Statement of
Work. What follows is a summary of tasks accomplished by LinCom during this

contract period.

2.1 Characterization and Modeling of Potential Enhancements

There are three areas of potential enhancements: (1) Shuttle payload
accommodations, (2) TDRSS SSA and KSA services and (3) Shuttle tracking system
énd navigation sensors. Our approach here is to identify the areas of
potential enhancements, provide functional characterﬁzatidns and then develop

analytical models.

2.1.1 Shuttle Payload Communications Enhancements

The Shuttle will be used to support the Space Station effort as early as
the launch and assembly phase. Communications amongst the station, EVAs and
the Shuttle are required. The current capability is UHF voice between the
Shuttle and EVA. Enhanced capabilities includes compressed digital TV,
digital voice, heads up display and commands and telemetry.

The Orbit Maneuvering Vehicle (OMV) will 1ikely be Shuttle based. The
OMV will require digital compressed TV support for its return link which is
beyond the capability of the current S-band payload interrogator.

A DoD payload kit has also been proposed. It will be in a receive only
mode employing a 24 inches dish mounted on a CCTV pan and tilt unit. It will
use a FET pre-amp front end with 2 db noise figure and interface with either
the payload interrogator/communication interface unit or directly with the

Ku-band signal processor in the bent-pipe mode.
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Other non-mission specific enhancements considered include: (1) high date
rate S-band via TORS for attached payloads, (2) capability to handle encryptad
data for the payload signal processor, (3) accommodation for suppressed
carrier modulation for the payload interrogator (4) Ku-band signal
processor/bay]oad interrogator forward 1ink bent pipe and (5) concatenated

Reed-Solomon/Convolutional coder/decoder.

2.1.2 TDRSS Single Access (SSA & KSA) Services

Within the next 5-10 years, there will be more and more users competing
for the TDRSS single access services. This situation will become more severe
when the Shuttle has to support the space station and its neighboring
elements such as the co-orbiting platform, polar orbiting platform, OMV, OTV
and other TDRSS users. Currently only two SA users can be supported
simultaneously by a TDRS. The TDRSS will be forced to look for new ways
beyond the standard services to accommodate more users. This type of
nonstandard services will be able to support higher data rates as well as
multiple users by emp1oyin§ perhaps bandwidth efficient modulations, high rate
codes, and frequency division multiplexing. This then opens up the
possibility for the Shuttle to improve its communications system data rate and
BER performance capability.

The future procurement of additional TDRS's and the eventual placement of
these satellites will also affect the TDRSS SSA and KSA user traffic. LinCom
has closely followed the NASA/GSFC TDRSS augmentation development and
analyze their selected approaches for the purpose of modeling, simulation and

subsequent evaluation.

LinCom—




_o[}nCom

2.1.3 Shuttle Tracking System and Navigation Sensors

2.1.3.1 Background

The Orbiter maintains current position and velocity through periodic
propagation using numerical integration of acceleration based on theoretical
force mode]é. Orbital maneuvers use sensed velocity and a gravitational force
model. The TDRSS provides two-way range change (Doppler) over a path from the
master station on the ground, through the TDRSS, to the Orbiter transponder,
and back. Nominally, two relay satellites can be seen and the use of Doppler
data through both satellites over one Orbiter revolution should result in
adequate state vectors. Should only a single relay satellite be available in
some geometrical configuration then two passes are desired. This would
require about 135 min.

The early maneuvers in a rendezvous sequence are targeted by the ground
and must be planned around ground tracking coveragé. The terminal phase
maneuvers are determined onboard and must be planned in accordance with
onboard relative observation (spacecraft to spacecraft) restrictions. The
terminal rendezvous phase navigation is performed with the use of the star
tracker and/or Ku-band rendezvous radar, which provide relative observations
between the Orbiter and the target spacecraft.

The star tracker measures two components of the relative position at any
one time, so it is a relatively weak navigation device. It poses other
operational difficulties such as recognition of the proper object to track,
Timitations on target brightness, 1ighting requirements on the target, and
proximity of Sun line of sight with respect to instrument field of view. The
rendezvous radar is limited primarily by the short range over which it can
track passive objects. There are other constraints associated with

rendezvous. Time lines must be worked until proper tracking and communication
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coverage are available for the early maneuvers targeted by the ground.

With the advent of the Space Station era, the NASA may consider to
enhance the Shuttle capability to perform on-orbit position determination of
the Orbiter and deployed payloads. Enhanced capabilities are also required
for the Shuttle to maneuver around the station while performing rendezvous and

docking operations.

2.1.3.2 Potential Enhancements study

Use of the GPS for navigation would remove the constraints associated
with ground control, star trackers and the Ku-band radar, assuming that the
satellite to be met is not maneuvering and its state can be accurately
determined by the ground and propagated accurately onboard. Availability of
the GPS for navigation will greatly reduce navigation restrictions on flight
planning, trajectory design, and flight control.

The use of laser sensors, accelerometers and strap-down gyros can also be

used to improve range, range rate and acceleration determination accuracies.

2.2 Simulation and Evaluation

The resultant models for the potential enhancements described above have
been incorporated into LinCsim as modularized software packages. Depending on
the type of problem, analytical techniques, Monte-Carlo techniques or a
combination of the two is used. The software has been debugged and verified.
Finally, LinCsim has been exercised to evaluate the performances of these

enhancements.

2.3 Other Supporting Studies

In addition to the above mentioned efforts, LinCom personnel was
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directed by the NASA/JSC technical monitor on various supporting studies,
analyses, model development and 1link simulations to ensure that elements of
the Shuttle C&T Systems meet Space Shuttle Program (SSP) requirements. These

efforts are documented in Appendix 1-13.
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APPENDIX 1.

SPACE STATION MULTIPLE ACCESS SYSTEM
STUDIES AND ANALYSIS

1-1
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PART I: EXECUTIVE SUMMARY

1.0 INTRODUCTION

Recently, LinCom was tasked in a three-month study to come up with
a Space Station (SS) multiple access (MA) system conceptual design. One
purpose of that effort, which imposed the time constraint, was to
support the prototype breadboard development procurement of the SS MA
antenna and RF subsystems under the JSC Tracking and Communications
Division's Advanced Development Program. ‘The results of that study were
presented [1] in a JSC meeting on December 14, 1984,

Because of the hasty schedule and the very nature of a conceptual
design, the emphasis on the study was to provide a basic set of system
requirements, constraints, desirable features, options, and tradeoff
criterions from which the MA system could evolve. In addition, a
strawman system is provided to motivate some concrete issues that need
to be addressed.

Shortly after the completion of this brief exercise, it becomes
apparent to many that there are more issues that need to be raised,
critical areas that need to be examined, and trade-offs that need to be
made. It is believed that an early head-start on some of these problems
will help track and complement the efforts of the Phase B contractors.
As a consequenca, we have been tasked during the last five months to
revisit certain selected aspects of the MA system - concentrating on the
more critical issues and problem areas this time. During this period, we
have also looked at another aspect of the SS external communications
function, namely, communicating with the TDRSS. This final report
documents the findings of the current effort.

The final report can be divided into two parts. The first part is

o[}n@m -
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this executive summary which serves to highlight the issues and trades
considered for some more complicated problem areas, and the results and
conclusions for other relatively straféhtforward ones. It also
identifies some critical areas that warrant further study. The second
part of this report consists of a set of appendices which contain a more
detailed treatment of each subject matter considered.

2.0 BACKGROUND

Figure 1 is a simplified block diagram defining the external SS
links under consideration. The Space Station MA system supports
communications between the Space Station (SS) and Extra-Vehicular
Activity (EVA), the Space-Shuttle Orbiter (SSO), the Orbit Transfer
Vehicle (0TV), the Orbit Maneuvering Vehicle (OMV), Free Fiyers (FF),
and a Co-Orbiting Platform (COP). Another MA user, though attached to
the SS, is the Mobile Remote Manipulator System (MRMS). There can be up
to 10 MA users during the Initial Operation Configuration (IOC) and 19
MA users during the Growtn Configuration.

EVA support is for a 1 km sphere around the Space Station, see
Figure 2. OMV/OTV support is primaril& around a disc of 37 km in
radius, 18 km thick. There is also a requirement to communicate within
a region defined by the 185 km rectangle. This rectangle is actually a
curvilinear prism since the horizontal lines represent sections of
orbits parallel to the SS orbit. The FF/COP support is between 185 to
2000 km. Regions leaaing the SS are defined similarly.

The primary link between the Space Station and ground is through
the Tracking and Data Relay Satellite System (TDRSS). The operational
TDRSS consists of two satellites, TDRS-East and TDRS-West, and a ground

station at White Sands (WSGT). Since the TDRSS is not really designed
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EVA )

Figure 1. SPACE STATION MULTIPLE ACCESS
SYSTEM AND INTERFACE WITH TDRSS
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for the SS communications load, there is some concern as to what is the
best way for the SS to share this NASA resource. Note that some MA
users would also like to communicate with the TDRSS. The ability to
simultaneously serve tne SS and these MA users in a “cluster"
configuration adds another dimension to the problem of straining the

capability of the TDRSS.

3.0 MA SYSTEM STUDIES

3.1 FDMA Issues

The earlier study [1] recommended a SS MA system baseline based on
a demand-assigned Frequency Division Multiple Access (FDMA) scheme. The
FDMA scheme offers many advantages over other systems such as TOMA, CDMA
and FHMA, in view of the SS requirements. These advantages include: low
user complexity, good bandwidth efficiency, matured technology, low EIRP
requirement compared to TDMA, and low overall system cost. However, the
FDMA scheme is not without drawbacks. In what follows, our efforts on
the issues associated with employing'a FDMA system for the SS are
summarized. First, the issues associated with channel allocation are
considered. They include regulatory considerations, nonlinear and
bandlimiting effects, and oscillator stability. Implementation issues
involving the user equipment architecture and commonality as well as

multiplexing, formatting and synchronization are considered next.

3.1.1 Frequency Management

The immediate questions for a demand-assigned FDMA system are
related to frequency management: How much total bandwidth is required?
How much is available? Can the power flux density impingement limits

on Earth be satisfied? What much bandwidth should be allocated to a
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channel? How should the channels be placed on the frequency plan? For
the first two questions the conclusions from this study are:

- Roughly 200 MHz bandwidth for forward and 400 MHz bandwidth for
return are required.

- The exact frequency allocation at K-band should be left to NTIA.

- Power Flux density is a problem when nondirectional antennas are
involved. A spectrum spreading technique such as direct sequence
spreading should be used for the orderwire channel (required for
demand assignment) to meet the power flux density limits. TT&C
channels may need relief.

Several guidelines have been established for channel allocation
regarding the last two questions:

- To minimize degradation, the channel bandwidth and guard band
between channels should be as wide as possible to take advantage
of the available MA system bandwidth allocation.

- The strong channels and weak channels should be separatad as far
as possible in frequency.

- There will be other non-SS related users of the MA frequencies.
To mitigate their interferences, the MA system should provide
channel diversity as well as a communication time-out

capability.

3.1.2 Interferences Due to Bandlimiting and Nonlinear Operation

Nonlfnearities in the transmitter (RF power amp.ifier) and the
receiver (low noise amplifier and mixer), coupled with signal
bandlimiting, give rise to interchannel interference (ICI) and
intermodulation (IM) products that affect FDMA system performance. ICI

refers to the spilling over of the signal spectrum tail of one channel

C:I{}Il<:3;l7l'-_-_
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to adjacent channels. IM product refers to cross-products of two or
more signal which fall into other channels, when they pass through a
common nonlinearity.

The options available for the SS MA system to mitigate these

distortions are:

- Use more bandwidth per channel. The cause for ICI is nonlinear
operation on a bandlimited signal. Hence, it can be mitigated by
using a RF bandwidth equal to at least 3 to 4 times the symbol
rate. This however affects the system bandwidth requirement.
Another possibility is to usa a more bandwidth efficient
modulation scheme, see later discussions under modulation
selections.

- Back off HPA. The more the HPA is backed off, the less nonlinear
it is. Unfortunately, the transmit EIRP will be less.

- Use post-HPA filtering., Aside from cost and power attenuation
loss considerations, this may be impractical for low rate
channels because of the high selectivity required.

- Separate weak and strong channels. By separating the weak and
strong channel in frequency, interference rejection via filtering
becomes more practical.

- Use power control. The EIRP differences between strong and weak
channels can be reduced by judiciary power control. To implement
power control, the user equipment may require additional
complexity.

A1l these options, with the exception of separating strong from weak
channels, incur a cost. Hence careful trade-offs must be performed in
finalizing a particular implementation.

Because of the complexity due to the large number of variables

LinCom
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(nonlinearity model, power level, signal format, filter, frequency
assignment, etc.), computer simulation appears to be the only viable
tool to analyze this problem. An approach to attack this problem

has been outlined as a part of the study.

3.1.3 Oscillator Stability

One of the fundamental limits of how close two channels can bé
packed together under a FDMA scheme is the frequency stability of the
two carriers. Over a typical space operational lifetime of 7 years, the
frequency of an oscillator from which the carrier is derived will drift
if a crystal oscillator is used. (Space operation requirements and cost
considerations usually preclude the use of atomic standards.)
Environmental effects such as temperature variation, vibration, g-force
loading, shock, load and voltage changes can all contribute to the
fluctuations in the output frequency of the crystal oscillator.

It appears that for K-band operation, commercially available
oven-controlled crystal oscillators will drift no more that 5 KHz in
either direction. Since the cost of this oscillator is only on the
order of $1,000, stepping down to a less capable crystal oscillator is
not much of a tradeoff. With the oven-controlled oscillator, the guard
band to be allocated between FDMA channels to account for long term
oscillator instability should be about 10 KHz. The bandwidth premium to
be paid for the guard band is only significant for low data rate
channels and does not really affect the utilization efficiency of the

total allocated spectrum.

3.1.4 User Commonality

The central issue here is to come up with a common set of user

LinCom—
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equipment capable of serving all MA user links in order to share
development cost and to standardize equipment. The three major areas in
the design of the user transceiver are the architecture of the RF/IF
subsystem, the modem and the codec implementation.

The RF/IF subsystem provides frequency translations. It could also
provide channel multiplexing/demultiplexing (mux/demux) filtering
functions. The mux/demux functions can also be done in the modem.

Since a user can have multiple links requiring multiple modems, it is
more desirable to minimize channel-dependent processing at the RF/IF
subsystem level so that the same IF signal can be used to feed the
modems. Besides, it is less costly to filter at the modem level.
Criterions for selecting the IF frequencies are also addressed in this
study.

Since the modem is required to support a wide range of users and
data rates, it should be a "smart" modem. It appears that a
microprocessor-based digital modem will be required. To facilitate
mux/demux filtering, a double heterodyne technique is proposed.
Criterions for IF selection have been considered. It is also
recommended that the A/D subsystem should be implemented with two
different logic families: high speed ECL for the TV data rate and low
power CMOS for other data rates. However, the two subsystems should be
plug-compatible to maintain commonality. (The rest of the modem is not
really data rate dependenf.)

Commercial convolutional rate 1/2 codec chips will be available for
data rates less than 5 Mbps. It appears that the SS user coding schemes
should be standardized based upon these chips for all non-TV links. For
high rate TV, the chips are not directly applicable. Anyway, bandwidth

expansion associated with rate 1/2 codecs for TV data is a problem for

c[:'nC)m -
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efficient spectrum utilization. If coding is needed to improve
performance margin for this link, a more comprehensive study is

required,

3.1.5 Multiplexing, Formatting and Synchronization

For the SS, the baseband digital processing subsystem/modem is not
collocated with the RF subsystem. Depending on the signal distribution
method selected, frequency multiplexing can be best done at either ends.
The trade-off here is ease of implementation. There are also up to
three types of antenna system covering different user ranges. The
grouping of users served is a driver for arranging channels on the
frequency plan.

The important issues for selecting the data format (mainly the
block length) are overall data transfer efficiency and bit slippage
rate. As a rule of thumb, the product of the bit slippage rate and the
number of bits in a frame should be at least 10 times smaller than the
bit error rate. Considerations for data encryption is not a big driver
for format selection.

Carrier and clock recovery should not be too serious a problem
except for low rate channels. For the purpose of frequency
co-ordination, the SS should consider including a pilot in its signal
transmission. This pilot can be used by the user for calibration during
periods of benign Doppler and for compensating Doppler while in the high

dynamics state.

3.2 Other Issues

3.2.1 Modulation Schemes

Since the channel is usually nonlinear due to the near saturation

LinCom—
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operation of the HPA for maximum output power, modulation techniques are
pretty much limited to the class of constant envelope modulation
schemes. This precludes Quadrature Amplitude Modulation (QAM),
Quadrature Partial Response (QPR), Amplitude Phase Shift Keying (APSK),
etc., that can provide more bits/Hz. What remains is the class of
modulation schemes that only uses phase variations in the signal to
transmit information. One could use Continuous Phase Modulation (CPM)
which can be more bandwidth efficient if the higher order forms are
used. However, CPM receiver structures are often complicated, requiring
Viterbi-type phase trellis decoders.

If a reasonable amount of bandwidth is available, QPSK
(Staggered-QPSK) appears to be a logically compromise. Uifferential
encoding should be used with QPSK to avoid ambiguity resolution and to
combat cycle-slipping and siow fading, even though it inc&rs a 0.3 db
performance penalty. If sufficient bandwidth is not available, then a
price fn terms of performance and modem complexity must be paid. The
degradation will be a function of the nonlinearity, available bandwidth,
and the modulation technique used. The only dependable way to predict

performance is through simulation.

3.2.2 Orderwire Channel

Two general approaches to implementing the orderwire channel have
been identified. In a random access approach, perhaps the simplest, the
user access a common orderwire whenever he desires. A conflict may
exist if two or more users access the channel at the same instant.
However, this occurrence is rather remote for the SS scenario. There are
also well known techniques to resolve this conflict if it indeed

occurred. In a deterministic approach, e.g., with TDMA, CDMA, or FDMA,

LinCom
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the orderwire is uniquely allocated to a user so that no conflict is
possible. Out of the three, TDMA is the most complicated. COMA has the
advantage that it is compatible with a SS-based ranging system, yet it
has the disadvantage of requiring a more complex receiver,

A preliminary investigation of the amount of data required in an
orderwire data packet was also completed. Most of the information bits
will be allocated to the user/SS location and velocity to aid antenna
pointing. The position requires roughly 18 bits per axis; the velocity
requires 12. The total number of bits of the data packet is on the

order of 170.

3.2.3 Alternate Approaches

Potential alternatives to the SS MA system have also been stpdied.
An attempt has been made to identity a simple, minimal alternative using
existing and/or TDRSS-compatible capabilities. A evolutionary approach
is envisioned; the capabilities are added as required during buildup,
I0C, and growth,

The key is to use two or three different systems for (1) the EVAs,
(2) the MRMS, and (3) the rest of the users. TV support is only
provided to the first two users. The Shuttie, EVA and MRMS should be
interoperable during buildup. The rest of the users will be served by
an S-band MA service during IOC using signal formats compatible with
TDRSS S-band link services. Dedicated channels (similar to SSA) will be
time-shared while low data rate support wili be via a TURSS MA-type
scheme. During growth, the SS S-band MA system can be upgraded to
K-band where more bandwidth will be available. The S-band signals can
be used as a first IF so that most equipment can be salvaged. One

potential problem with the above approach is the potential interference

1-13

LinCom—



- inCom

with the SS/TDRSS link.

3.2.4 Mobile Remote Manipulator System (MRMS)

There is a requirement to provide a minimum of 6 video channels for
the MRMS. Assuming that digital TV at 22 Mbps is used, the composite
data rate is 132 Mbps. In order to conserve bandwidth and to simplify
transceiver design, the six channels should be time-division multiplexed
into a composite superchannel. Both RF and optical links have been
examined for the MRMS link. In terms of link margins, both appear
feasible. Hence the tradeoff criterions are cost and ease of frequency
management. For RF links, issues concerning using 3-12 GHz and higher
frequencies (20 to 60 GHz) are examined. The advantage of the lower
frequencies is the commercial availability of stock bandwidth efficient
(3 bits/Hz) digital radios designed for microwave links.

Both fiber and free space optical links are considered. The
problems with a free space link are transmit power and blockage. The
main problem with the fiber approach is the handling of the fiber as the
MRMS travels.

Analog NTSC TV has also been considered. It is probably the least
expensive approach in terms of bandwidth (6 MHz/channel) and hardware
requirements. However, it is not easily made amenable to encryption for

privacy.

4,0 TDRSS UTILIZATION

Since the SS, as well as some MA users such as the Shuttle,
OMV, OTV, etc. relies on the TDRSS for communicating with the ground, it
is important to assess the TDRSS capability in terms of supporting this

"cluster" of users. Tnere are two kinds of services provided by the

oﬁnCJm -
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TDRSS: (1) standard services consisting of the MA, SSA, and KSA links
and (2) IF services. The current capabilities of both services have
been examined here. In addition, the actual capabilities of the space
and the ground segment, not necessarily associated with the services,
have been assessed. Eventually, the TDRSS has to be enhanced to

fully support the SS. We have looked at ways of enhancing the TDRSS

with a minimal impact on the existing system.

4.1 Standard Service

In order to use the standard TDRSS service, the user has to adhere
to a fixed signal format and carrier frequency assignment. The
following standard TDRSS capabilities for SS cluster support have been
identified:

- Only one KSA user can be supportéd per TDRS single access antenna

because of the narrow beamwidth, |

- Two KSA users can be supported per TDRS via polarization
diversity. |

- SSA return link bandwidth is Timited by the TDRS space-ground
Tink which is 20 MHz for forward and 10 MHz for return.

- It is feasible to provide simultaneous SSA/KSA support although
the coverage zone will be determined by the KSA autotrack system.
Polarization diversity can be used for KSA; either polarization
or frequency diversity can be used for SSA.

= Multiple TORSs are not efficient for providing more KSA links and

does not increase MA support. However, it can double the number

of users supported by SSA.

4,2 IF Service

1-15
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The IF service allows a certain degree of flexibility in selecting

the signal characteristics. The following raises some of the issues:

- IF service allows more efficient usage of the KSA channel by
using bandwidth efficient modulation schemes. For example, it is
likely that up to 500 Mbps can be supported with Octal Phase
Shift Keying (8PSK) modulation. Which modulation scheme is the
best?

- FDMA can be used to support multiple users with KSA. Wnhat are
the effects on the TDRS autotrack system if FDMA is used? What
degradations are to be expected from the FDMA composite signal
through the nonlinear TWTA used for the TDRS space-ground 1ink?

- If time-sharing is used to support the SS cluster, what |
operational modifications are required to minimized
re-acquisition from user to user?

- What additional ground equipment is required to support IF

service?

4.3 TDRSS Enhancements

We have concentrated in this effbrt only on enhancements that
require minor changes. Consequently, we have skimmed over issues such
as adding a 60 GHz crosslink between the TDRSs. Our recommendations are
as follows:

- Open up the SSA channel for SS cluster users. This requires
adjusting some filter bandwidths, space-ground link EIRP and
frequency separation between SSAl and SSA2.

- Reuse the defunct Advanced Westar (AW) capability. The AW K-band
equipment can be used for dedicated SS support. The issues to be

considered are regulatory aspects of frequency co-ordination,
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antenna pointing, and G/T. The C-band equipment can be used for

space-ground link to JSC, GSFC, etc. to alleviate the TDRSS
NASCOM traffic bottleneck. To implement this, the TORS will need
the capability to select space-ground links.

- Use the spare TDRS-Central as an operational satellite. Other
users can offload some data traffic to TDRS-C to make way for the
SS users. In addition, the SS users can use it for high rate

data dump using both KSA links when visible.

5.0 RECOMMENDATIONS

Before any of the details of the MA FDMA system can be studied in
a meaningful way, it is very important that a frequency plan be
specified and approved by the regulatory agencies. Hence, an early
frequency allocation is desirable to minimize wasted effort.

The TV link is the biggest user of the allocated bandwidth and
tnerefore deserves special attention. One way to reduce its impact is
to use bandwidth efficient modulation scheme. Unfortunately, there are
other constraints. The EVA is the primary user of the TV link and it is
power starved. Bandwidth efficient schemes require complex modems which
are likely to be power hungry. Another way to reduce power consumption
is to reduce the EVA transmit power by the use of coding. However,
coding involves bandwidth expansion and additional hardware. It appears
that the TV link problems as they relate to signal processing, channel
allocation, coding, modulation, modem design and implementation, etc.
will need to be studied in a more comprehensive and extensive manner.

Another issue is the impact of the recommendations of the
Consultative Committee for Space Data Systems (CCSDS) URSI standards.

Two key questions here are: What is the impact of total compliance with

CBI{}II<23;I71'____
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CCSDS standards? If total compliance is not desirable, how should the

standards be modified for the SS MA system?

Finally, it is desirable to come up with a SS-based combined
communication and tracking system to serve the users as an alternative
option to a multi-target radar system for mid- to far- range. This

would provide some cost and frequency management advantages.

REFERENCE

(1] “Space Station Multiple Access System Conceptual Design", presented

on December 19, 1984 uhder Contract No. NAS 9-17152.
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APPENDIX A: COMMENTS ON LOCKHEED MA BASELINE

Here are some comments on the MA baseline. Most are just typos

and points requiring clarifications. The more important ones are
comments on the high power amplifiers and the TV/ops data
multiplexing scheme. The headings correspond to the different sections

of the Agenda.

1. Requirements and Ground Rules.

How does one schedule time-sharing for the two-way order-wire
channel?

Is a 22 Mbps Viterbi decoder practical?

- Typo on last chart in group regarding BER.

2. Frequency Planning and Allocation.

LinCom frequencies are selected to be the same as TDRSS to take
possible advantage of their RF hardware implementation/experience.

On page ZT/7-b, bps should be sps.

4, Antenna/RF/IF Systems

Figure 2. OW TOM. How practical? Typo at the end of backup
material for Figure 2 - will will. Need more description of the OW
channel.

How can a gimballed antenna support 5 users? wa does the reflector
cluster type antenna look?

Need a coordinate system definition‘for Figure 5a.

On High gain antenna page. Look at the TRW SSDS study scenario

where users are scheduled very infrequently.

: o[}n@m -
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- Proposed antenna system for SS and User. Major problem here about
the 10 W linear PAs. Since the users are on FDMA, there is no need
for a 10 W PA. Combining a number of dedicated low power PAs at
the antenna feed is a better solution since there is really no
coherency requirement. This avoids the low efficiency, expensive
high power PAs. The same comment applies to the 45 W design

example.

6. Modulation Considerations

- Recommendations. Why is differentially coherent detection complex?

6. Video Considerations

- Multiplexing ops data with TV is OK when both are present. The
situation is a bit sticky when TV is no longer present. Why would
one want to transmit and receive at high power mode (h{gh TV data
rate) while the need does not exist? Doesn't one want to conserve
power on the EMU? Also, do we transmit at pulse mode, i.e., only on
the slots where there are ops data, or do we transmit dummy TV
data? - Isn't it nice to have a backup link (if the ops data link is
separate)? What if EVA ventures beyond the TV coverage range and

still wants ops data coverage?

LinCom—
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APPENDIX B: REVIEW OF HUGHES MA ANTENNA BREADBOARD PROPOSAL

General Comments

One of the advantages of the active lens antenna concept is that
the final RF high power amplification stage can be performed by a number
of solid state power amplifiers (SSPA). This avoids the need to develop
a 50 watt linear TWTA. However, a phase control problem has to be
traded off.

The disadvantage is that we are talking about roughly 40 beams.
With the beam control system added (which most likely requires a
computer), the active lens concept appears to be riskier, more

‘comp1icated and more expensive than using fixed beams. This is

primarily due to the R&D nature of the project.

Miscellaneous Comments.

p.3. It will be interesting to have a copy of their preliminary tradeoff
study to find out the rationale behind choosing an active lens
antenna over the conventional MBA, or the multiple fixed beam
concept. It would appear that they may "just want to gain the
experience"”.

p.4. Note that Hughes' experience does not include active lens antenna
designs. This is an R&D type of program for them.

p.5. The 40 dB to 47 dB gain requirement appears to be high.

p.é. Both power divider breadboards look pretty bulky (see Figs.

9 & 10). How many are needed? A 40 db gain beam has a HPBW of
approximately 1.5 degree. To cover Figure 2b, it would appear

that one needs about 40 "feeds". Does one need 40 power dividers?

c[:'n@m -
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Comments on Detailed Design and Trade Studies

The technique for phase delay variation compensation required for
signal coherency through the lens elements has been left out. This will
be a major problem area (LinCom has considerable experience with the
various approaches, tradeoff, etc.) This is an important issue since
the accuracy of pnhase compensation can affect the performance of the
antenna e.g., beamwidth, beamsquint, sidelobes, nulls, and usable RF
bandwidth. Apparently, the demonstration model is to be adjusted
manually so the problem may not show up. The question is: Are periodic
adjustments and recalibration required while in operation? What will be
the size of the phase control system? The same comment applies to the
BFN.

Not all beams are required to have the same HPBW/gain. Can this
help in simplifying the design?

What aBout packaging; size, weight and power; and beam control?

What about calibration?

What about a test plan?

What is to be verified in the way of performance?

LinCom—
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APPENDIX C: MORE COMMENTS ON LEMSCO MA BASELINE

1. FREQUENCY SELECTION

The frequency band between 13.8 and 14.0 GHz is used by the Shuttle
radar. Hence, it is not desirable for use by the MA forward link as
proposed earlier. A more appropriate band will be the proposed
alternate band from 13.4 to 13.7 GHz, if one wants to conform to the
TDRSS frequencies.

The Shuttle radar example carries a deeper message. The band from
13.4 to 14.0 GHz are allocated primarily to radiolocation, hence one
expects to find other radar users at this band. Equivalently, there
will be other primary users for any otner band. The interferences from
these users must be accommodated. The point is to design the MA system
so that it can cope with these interferences (not necessarily overcome
them).

The final frequency plan must be approved by the NTIA. Hence, the
best approach is to have them find the frequency bands at K-band between

12 to 18 GHz.

2. TV/OPS DATA MULTIPLEXING

If a user switches often from TV + OPS data to OPS data only and
vice versa, then one has to worry about the signal dropout time penalty
associated with the transition from one data rate to another. This time
includes the time to alert both parties (SS and user), effect the actual
transition by switching the transmitter, detect 1oss of lock by the
other party, switch to another receiver, and finally acquire.

The hardware penalty of the multiplexing scheme is not an important

issue since the digital TV format requires multiplexing anyway.

LinCom—
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APPENDIX D: ALTERNATE APPROACH FOR MA

1.0 INTRODUCTION

This memo is-an exercise in examining potential alternatives for
the Space Station MA system. The approach adopted here is to identify
the simplest alternatives, not necessarily the best. The primary
motivation i$ to use existing and/or TDRSS-compafible capabilities where
possible. There are basically four groups of users: the Shuttle, the
EVAs, the MRMS, and the rest of the mid- to far-range users. The MA
capabilities envisioned are evolutionary; they are added as required

during buildup, I0C and growth.

2.0 OQPERATIONAL SCENARIO --

‘During buildup, the MA users will consist of the Shuttie and the
MRMS. The MRMS will need to be controlled by the Shuttle. (An
alternative is to be controiled by the ground through the SS/TDRSS
1ink).

During IOC, the MA users will consist of the Shuttle, the MRMS,
EVAs, one OMV, one platform and a few free-flyers. The free-flyer/OMV
traffic will probably be 1ight so that the MA system does not have to
serve too many users at the same time.

At the growth stage, the MA system has to double or triple its IQOC

capability in term of the number of users to be served.

3.0 MA ALTERNATIVES

The key nere is to use two or three separate systems for (1) the
EVAs, (2) the MRMS, and (3) the rest of the users. Both the EVA and the

MRMS may require real-time, continuous (up to hours) TV coverage and are

C’lf}ll<:3;17l'_-__.
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close range users. The requirement on the antenna system is 360 degrees
coverage with low gain. Assuming 6 full TV channels at 22 Mbps, the

MRMS requires 132 Mbps. Assuming 4 full TV channels at 22 Mbps, the EVA
support requires 88 Mbps for supporting 4 EVAs during growth. These data
rate and antenna requirements for the EVA and the MRMS are quite

distinct from the rest of the users. For this reason, the MRMS and EVA
should be supported as one (or two) independent service.

The rest of the users do not really need to be in contact with the
SS.continuously or in a particular time slot. Normally, they will be
controlled by the ground through the TDRSS. They only need to
communicate with the SS in the rendezvous zone where they will be
controlled by the SS. Full rate TV is something that is nice to have
but probably not really essential. Hence, this group of users is
characterized by relatively low data rates, and moderate to high SS

antenna gain because of the distance to be covered.

3.1 MRMS and EVA Services

The MRMS and EVA services should be designed to share the RF/IF
equipment to be cost effective. For example the gap fillers for the EVA
antenna system should be shared by the MRMS. However, 100 percent
sharing may not be desirable or cost effective because of the slightly
different operational requirements.

The MRMS should use a multiplexed composite channel for the 6 TV
channels at a 132 Mbps data rate. This eliminates the guard bands to
separate the 6 channels for a FDMA scheme. If we assume a fairly
efficient modulation scheme, the MRMS service requires roughly between
150 to 200 MHz of bandwidth.

The EVA channels should be FDM, same as the baseline system

o[:'nCJm -
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requiring about 200 MHz of bandwidth.

Because of the proximity operation and the high data rate
advantage, both the MRMS and the EVA services are neither likely to
interfere with other frequency allocations nor be interfered. This
gives the two services flexibility in frequency allocation. We shall
tentatively assume that they will operate in a 500 MHz band somewhere
between 14 to 18 GHz that does not interfere with other communications
functions of the SS.

During buildup when the MRMS is to be controlled by the Shuttle,
the MRMS comm system can be a payload on board the Shuttle. This

payload package will become a spare after buildup.

3.2 S-Band MA Services for I0C

The rest of the users are served by an S-band MA service during
I0OC. The signal format will be compatible with the TDRSS SSA, S-band
Shuttle transponder, and MA services of the TDRSS. Most users will use
the TDRSS/MA format for continuous telemetry coverage (up to 50 Kbps)
and will only use the TDRSS/SSA format for periodic (perhaps 10 minutes)

high data rate coverage (up to 6 Mbps), same as the current practice for

-

DRSS users. Because of the 100 MHz bandwidth availabla, it appears 2 or
3 SSA-type channels can be accommodated, in addition to the SS/TORSS SSA
channel.

This capability should be adequate for IOC. The advantage of this
particular approach is that the users do not need to procure additional
hardware to communicate with the SS. The selection of S-band is
pragmatic. Unless there is a need for imaging data, most spacecrafts
will only use the S-band capability of the TDRSS. This is true, for

example, for the currently planned Shuttle-based OMV where the plan is

LinCom—
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to use the S-band service and transmit slow-scan TV.

The IOC antenna system for the S-Band service should consist of a
TDRS type MA antenna and two or three single access antenna. The single
access antennas should be designed to handle both S- and K-band signals

by employing dual S- and K-band feeds.

3.3 Upgrading the S-band MA service for Growth

During growth, the S-band MA can be upgraded to K-band where more
bandwidths are available for more (high data rate) users. The S-band
signals can be used as the first IF so that most of the equipment can be

salvaged during the change over.

4.0 POTENTIAL PROBLEMS

One potential problem with this approach is that the S-band
system may interfere with the TDRSS operation. Also, if one is to
upgrade the system to K-band during growth, the frequency bands must be

selected and built into the antenna/RF system during IOC.

LinCom —
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APPENDIX E: PRELIMINARY MULTI-CHANNEL MRMS ANALYSIS

SUMMARY

RF and optical links are examined in light of the MRMS
requirements. In terms of link margins, both implementations appear
feasible. The remaining questions are cost and frequency management.
For RF links, issues concerning using 3-12 GHz and higher frequencies
(20/30 or 60 GHz) are examined. The advantage of 3-12 GHz is the
commercial availability of stock bandwidth efficient (3 bits/Hz) digital
radios designed for microwave links. Both free space and optical fiber
transmission are considered for optical links. Analog TV is also
considered. It is probably the least expensive approach although
digital encryption techniques cannot be used to ensure privacy. A
ground-based eavesdropper, however, may ndt have the needed sensitivity

to pick up the TV signal.

1.0 MRMS DATA TRANSMISSION REQUIREMENTS

There is a requirement to provide a minimum of 6 video channels for
the MRMS, Assumiﬁg that digital TV at 22 Mbps is used, the composite
data rate is 132 Mbps. In order to conserve bandwidth and to simplify
transceiver design, the six channels should be time-division multiplexed
to form a composite superchannel. (Multiplexing/demultiplexing at 132
Mbps should not be a technology issue).

Two transmission options are available for handling %he
composite video channels: RF or optical. Before examining the options,
it is worthwhile to look at the physical aspects of the MRMS

configuration and the issues involving placement of the (RF) antenna or

<:1f}ll<:3;lrl'"—"

(optical) telescope on the SS structure.
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2.0 MRMS STRUCTURAL ASPECTS

The MRMS could move on either the front or back side of the upper
and lower keels, the keel extension and the transverse boom as shown in
Figure 1. Figure 2 is a detailed diagram of the proposed deployable
single fold beam for the keel and boom struss structure. A large
cross-section (9 X 9 feet) is proposed to provide a wide track for the
MRMS and the payloads it must carry, and also to provide a large open
area inside the packaged beam for incorporation of utility lines. The
proposed MRMS is shown in Figure 3. It consists of three layers and is
only 1 bay (9 X 9 feet) square. It can access all four surfaces of the
beam structure by moving 1 bay at a time. The Shuttle RMS and the foot
restraint positioning arms can move longitudinally along the platform

edge they are on.

2.1 MRMS Transmit Antenna Placement Uptions

The transmit antenna.(antenna here also applies to the optical
telescope) can be placed either (1) on the platform, (2) on a tower on
the platform, or (3) under the platform. The first two options may
potentially interfere with the operation of the foot restraints and the
RMS. If the antenna is mounted on the platform then some positions of
the foot restraints and the RMS may block the line-of-sight of the
antenna. In that case, an alternate receive antenna must be visible.

_ If the antenna is mounted on a small tower then the tower structure may
interfere with the operation of the MRMS. The third option can
potentially alleviate the interference problem. However, the antenna in
this case must be retractable so as not to interfere with the movement

of the MRMS platform. Also the (partial) blockage within the beam
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enclosure "tunnel" due to the utility lines or flexing of the beam must

be taken into consideration.

2.2 MRMS Receive Antenna Placement Options

To provide receiving coverage for the MRMS, multiple antennas must
be used. The minimum number of antennas is two - one each on tall
extension structures on the front and back side of the keel overlooking
the SS from both sides. If such a concept is used, then both the
transmit antenna on the MRMS platform and the receive antenna on the SS
must be capable of pointing and tracking, unless the antennas are
omnidirectional. It appears that, at least one of the antennas - most
1ikely tnhe one on the MRMS platform - can use some directional gain.

If the antenna on the MRMS is only required to point along the keel
and the boom, then the antenna is only required to either point straight
ahead or back (180 degrees). With this technique, one requires two
antenna sites at one end of the transverse boom and at one end of the
keel (see locations marked A and B in Figure 1). If the MRMS antenna is
above the platform, then a set of two antenna are required at each site
- one on each side of the beam structure. If the antenna is below the
platform, then only one antenna is required per site. To cover the keel
extensions, passive reflectors can be used. Or, one can put two more

antenna sites at the two ends of the keel extensions (see locations C in

Figure 1).

3.0 RF SYSTEM OPTIONS

The main driver in picking the RF frequency is to avoid
interference to other SS RF links (at S and K band), or terrestrial

users. The most straightforward solution is to bick the 20/30 GHz band

o[}nCJm -
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or the 60 GHz Hzng to avoid interference. On the other hand, the lower
frequencies i.e., between 3 to 12 GHz may prove to be attractive since
stock digital radios (see next section) with 1 to 10 watts of “transmit
power are available. However, the use of these frequencies will be
predicated on approval by regulatory agencies. Because of the distance
advantage (150 m operating range vs 400 Km orbit), the associated space
loss would minimize interference to and from terrestrial users. |
Figures 4 shows a link budget for a hypothetical C-band link at 6
GHz. All parameters are conservative, and even then the link has an 18
db margin with a small size antenna (7 cm diameter). Figure 5 shows a
link budget for an alternate hypothetical 60 GHz link. In order to
compensate for the increased space loss, the antenna gain has to be
increased to 20 db, resu]ting in a 2 c¢cm dish, It appears that both
systems have plenty of margin. Hence, cost and frequency management

will be the main considerations.

3.1 Stock Microwave Digital Radios

The widespread use of PCM equipment for Telco toll and trunk
circuits has suppofted the market for commercially available high
bandwidth efficiency (3 bits/Hz) digital radios. The technique and
hardware necessary to carry two DS3 streams (1344 voice channels, or
90.258 Mb/s with auxiliary 12 - 32 Kbps channels) in a 30 to 40 MHZ RF
bandwidth has been well established since the late 70's. The modem
employs 8PSK or 16/64 QAM and uses direct RF modu’ation.

Figure 6 shows a Rockwell/Collins flyer for their 8PSK digital
radios while Figure 7 shows their QAM digital radios. Note that they

cover the 3 - 12 GHz range. For example, the MDR-2306 at 6 GHz can

LinCom—

handle 3 DS3 streams at 135 Mbps.
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LINK BUDGET

TRANSMITTING SATELLITE DESCRIFTION

ORIGINAL PAGE '3
OF POOR QUALITY

TRANSMIT POWER, W 1.00
DEW 0.00
TRANSMIT LOSS, DB -1.00
TRANSMIT ANTENNA GAIN, DB 10,00
ESTIMATED DISH DIAMETER, CM 6.89
EIRF, DBW 9.00
ANTENNA POINTING LOSS, DB -1.00
SYSTEM & TRANSMISSION LODSSES
SYSTEM AGING EFFECTS, DB 0.00
SPACE LOSS, DB -91.53
RANGE, KM 0.15
FREQUENCY, BHZ 6.00
RECEIVING SATELLITE DESCRIPTION
RECEIVE CARRIER FOKER
RECEIVE ANTENNA GAIN, DB 0.00
POLARIZATION LOSS, DB 0. 00
POINTING LOSS, DB -3.00
RF LOSS, DB -1.00
RECEIVE CARRIER FOWER, DEW -87.53
NOISE POWER
BACKGROUND NOISE DENSITY, DBW/HI -201.61
BACKGROUND TEMPERATURE, K 500.00
FROND END NOISE DENSITY -200,98
RECEIVER NOISE FIGURE, DB 3.00
RECEIVER NOISE DENSITY, DBW/HIZ -19g.27
RECEIVED C/NC, DB-HZ 110,74
DATA RATE, MEFS 132,00
, DB (HZ) 81.21
AVAILABLE EB/NO, DB 29.54
REQUIRED EB/NO, DB (BER = 1.0E-5) 9.60
CODING GAIN, DB 0.00
IMPLEMENTATION LOSS, DB -2.00
SYSTEM MARGIN, DB 17.34

Figure 4.

C-Band Link Budget.
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ORIGINZL PLEL 73
OF POOR QUALITY

N LINK BUDGET

TRANSMIT POWER, W
DBW

TRANSMIT LOSS, DB~

TRANSMIT ANTENNA GAIN, DB

ESTIMATED DISH DIAMETER, CM

EIRP, DBW

ANTENNA POINTING LOSS, DB

SYSTEM & TRANSMISSION LOSSES
SYSTEM AGING EFFECTS, DB
SPACE LOSS, DB

RANGE, KM
FREQUENCY, GHZ

RECEIVING SATELLITE DESCRIPTION
RECEIVE CARRIER FOWER
RECEIVE ANTENNA GAIN, DB
FOLARIZATION LOSS, DB
POINTING LOSS, DB
RF LOSS, DB
RECEIVE CARRIER POWER, DBW
NOISE POWER
BACKGROUND NOISE DENSITY, DEW
BACKGROUND TEMPERATURE, K
FROND END NOISE DENSITY
RECEIVER NOISE FIGURE, DB
RECEIVER NOISE DENSITY, DBW/H

RECEIVED C/NO, DB-HI
DATA RATE, MBPS
, DB (HI)

AVARILABLE EB/NO, DB
REQUIRED EB/NO, DB (BER = 1.0
CODING GAIN, DB
IMPLEMENTATION LOSS, DB

SYSTEM MARGIN, DB

Figure 5.

TRANSMITTING SATELLITE DESCRIFTION

1.00
0.00
-1.00
20.00
2.18
19,00

-1.00

0,00
-111.383
0.15
50.00

0,00

0.00G
-3.00
-1.00

7 €3
-97.583

/HI -201.41
300.00
-196.98

7.60
z -195.489

98.17
132.00
g1.2t

E-5)
.00

[N~
o~
Lo

w
(]
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60 GHz Link Budget.
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Output power listings are based upon minimum
power at the output of the branching network. The
typical system gain is based on nominal power
output and receiver threshold for an output of 107
bit error rate (BER), and is shown below.

FREQUENCY EQUIVALENT OUTPUT SYSTEM
BAND CHANNEL POWER GAIN AT 10
TYPE (GHz2) CAPACITY (W) BER (dB)
MDR-6 59-6.4 1344 5 103
MDR-8 7.125-85 1344 5 105
MDR-8-5N 7.125-85 672 5 109
MDR-11-5 10.7 - 11.7 1344 5 108
MDR-11-5N 107-117 672 5 109
MDR-12-5 122 -127 672 5 109
*Adjustable down to 1 watt
Figure 6.
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MDR-( ) Digital Radio

The MDR-11-5 Microwave Digital Radio operates in
the 10.7- to 11.7-GHz band, and uses 8-level phase-
shift keying (8-PSK) modulation with S-watt twt
power amplifiers. The MDR-11-5 is capable of
transmitting two DS3 signals (1344 PCM voice
channels) at 90 Mb/s in a 40-MHz RF channel over a
single radio polarization. The MDR-11-5N narrow-
band version accommodates a single DS3 signal
(672 PCM voice channeis) at 45 Mb/s in a 20-MHz
RF channe! on a single polarization. The MDR-6
Microwave Digital Radio operates in the 5.9- to 6.4-
GHz band and transmits two DS3 signals in a 30-
MHz bandwidth. The systems meet or are better
than all requirements of the Federal
Communications Commission for Part 21,
Domestic Public Radio Service, and FCC Report
and Order 19311 for digital radio.

The MDR-12-5 has a capacity equivalent to 672
voice channels and serves the business user under
Part 94 of the FCC Rules. The MDR-8-5N and MDR-
8 Microwave Digital Radio have capacities
equivalent to 672 and 1344 voice channels,
respectively. These 8-GHz products operate in the
7.1- to 8.5-GHz band and serve, via microwave, the
government user of digital communications.

The design features up to twelve 32-kb/s digital
service channels for orderwire, fault alarm,
switching, and auxiliary data. Protection options
include hot-standby, frequency-diversity, and
multiline configurations. The MDS-10 1:N digital
switch provides DS3 radio protection switchingon a
hitless basis. Digital signals are regenerated at each
repeater station and transmission performance is
virtually independent of system length.

Propagation variations can produce signal
distortions that may severely degrade the quality of
transmission. To reduce the effects of this
distortion, an adaptive equalizer is used in all MDR
radios. The adaptive equalizer tracks both the
amplitude linear slope and null components and
dynamically adjusts compensation circuits.

8PSK Modem.
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MDR-2000 Series
Digital Radio Family

The MDR-2000 series is a new family of second
generation, high-capacity digital radios. The family
of products operates in the 4-, 6-, and 11-GHz
common-carrier bands. Depending upon frequency
band, the radios can carry two, three, or four DS3
signals (1344, 2016, or 2688 voice channels), using
16- or 64-QAM techniques. In addition to theradios,
the MDR-2000 series includes a DST-2000 terminal
rack in which the DS3 digital processing and
protection-switching functions are performed. The
terminal and transmission functions are split
between the two types of racks so as to optimize the
use of space. At a repeater location this
arrangement allows two transmitter-receivers with
space diversity and regenerators to be contained in
one 19-in. rack.

Design features inciude 12 RF channeis in the 11-
GHz band, up to 1:11 multiline hitiess protection
switching, and 1:1 hot-standby/space-diversity or
frequency-diversity protection. Optionaily, ANC-
2000 service channels are available that provide two
express and two local orderwire facilities, express
and local monitor-control channels and express
and local RS232C data channels.

Improved equalization techniques are used to
ensure satisfactory operation of the high-capacity
radios. In addition to slope and notch correction as

used in the present MDR-( ) radio IF adaptive -

equalizers, the notch correction tracks with
frequency as distortions move through the radio
passband. A new equalization technique is aiso
used in the radio baseband; a transversal equalizer
will improve the quality of the signal by reducing
intersymbol (bit-to-bit) interference.

FREQUENCY EQUIVALENT OUTPUT SYSTEM

BAND CHANNEL POWER GAIN AT 107
TYPE (GHz) CAPACITY (aBm) BER (dB)
MDR-2204 3.7-42 1344 3 102
MDR-2306 59-64 2016 33 0
MDR-2311  10.7 - 11.7 2016 36 107
MDR-2411  10.7-11.7 2688 33 101
DST-2x00 — 1344/2016/ - -
2688

Figure 7. QAM Modem.
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4.0 OPTICAL SYSTEM OPTIONS

The main advantage of using an optical system for the MRMS is that
it will rot interfere with other RF links. There are two ways to use
lightwave for communications: via free space or via fiber optics. Both
systems are capable of supporting the MRMS requirement. Each however

suffers from drawbacks that need to be overcome,

4.1 Free Space Link

The ideal optical system for the MRMS is one that employs fixed
line-of-sight (LOS) antennas to eliminate the acquisition and tracking
subsystem. With the "tunnel" concept discussed above where the antenna
only points along tne“beam structure, the system may be marginally
practical. To see this, let us examine the link budget in Figure 8
which is based on an optical system proposed earlier by TRW and
subsequently critiqued by LinCom. (A more complete optical 1ink
analysis can be performed with CATSS, the software package developed by
LinCom residing in the JSC/VAX 750.) The system uses a laser
transmitter at an IR wavelength of 0.825 micron. All parameter values
are typical except for the transmit power of 3 mW which is a 1ittie on
the high side if one wants to stay away from array laser diodes.

With this system, the transmit antenna is designed to point with an
accuracy of 0.3 m at a distance of 150 m (2 milliradians pointing
error). Since the SS keel distortion can be as much as +/-1.5 m,
acquisition and tracking are required.

To cover the distortion without relying on a tracking system, the
beam divergence of the transmitter can be broadened to 20 milliradian.
However, since the transmit gain is inversely proportional to the square

C:If}IICii;IWl'__-_'
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SPACE STATION MRMS LINK

LINK PARAMETERS

LASER TYPE
WAVELENGTH, MICRON
LINK TYPE

- SYMBOL ERROR RATE
DATA RATE, BPS
MODULATION FORMAT
EXTINCTION RATIO

TRANSMITTER PARAMETERS

SRR ESZSESSISRSSRR=SS=ES

PEAK POWER, W
AVERAGE POWER,W
PULSE WIDTH, SEC
PULSE RATE, PFS
TRANSMISSION EFFICIENCY
OPTICS EFFICIENCY
RMS WAVEFRONT ERROR LOSS
CIRCULARIZATION LOSS
POINTING LOSS '
POINTING ERROR, RAD
POINTING JITTER, RAD RMS
TOTAL POINTING ERROR, RAD
TRANSMITTER GAIN
APERTURE DIAMETER, M
0BSCURATION DIAMETER, M
BEAM DIVERGENCE, RAD

CHANNEL PARAMETERS

RANGE SEPERATION, M
BACKGROUND RADIANCE, W/M~2/8R/ANG
BACKBROUND IRRADIANCE, W/M™2/ANG
ATMOSFHERIC LOSS

RECEIVER FARAMETERS

e e e e s s e ==
SSWIITZIZIZI_II=====S

RECEIVER ANTENNA GAIN
APERTURE DIAMETER, M
OBSCURATION DIAMETER, M

TRANSMISSION EFFICIENCY
OPTICS EFFICIENCY

OPTICAL FILTER TRANSMISSION

CPTICAL FILTER BW, ANBSTROMS

RECEIYER DIAMETRICAL FOV, RAD

AC COUPLING LOSS

Figure 8. TRW Optical Link Budget Example.

GAALAS
0.82%5
COMM
1.00E-07
1.32E+08
MANCHESTER
10,00

FACTOR
1.00E-03
5.50E-04
3.79E-09
1.32E+08
0.21
0.50
0.41
1.00
0.92
2.00E-03
0.00
2.00E-03
8.01E+04
1.00E-02
0.00E+00
2.00€E-02

1.92E-19

130,409
0.00E+00
0.00E+00
1.00E+00

1.45E+11
1.00E-01
0.00E+00
0.32
0.52
Q.90
100,00
1.00E-02

1.00

—~13

e~ TN

R

TR

DB
-30.00

~46.87

-0.33

49.04

-187.18

0.00

-0, 464

0.00
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Figure 8. (Continued).

DETECTOR PARAMETERS

SEE=ESS=S=SSE=SSSE=SES

DETECTOR TYFE APD INFUT
DETECTOR NOISE FACTOR 3.3
AVALANCHE GARIN 190.00 INPUT
IONIZATION COEFFICIENT 7.00E-03 INFUT
UNITY RESFONSITIVITY, A/W 0.55
DETECTOR QUANTUM EFFICIENCY 0.83 INPUT
DETECTOR NOISE EQUIVALENT POWER, W/HZI".3 1.42E-13
PREAMP NOISE CURRENT DENSITY, A/HI™.3 6.00E-12
EFFECTIVE REC. TEMP., DEG K 300.00 INFUT
EFFECTIVE RECEIVER RESISTOR, OHMS 440,20 INPUT
NO1SE EQUIVALENT BANDWIDTH, HI 1.32E+08
FROCESSING LOSS 0.5623 ~2.90 INPUT
RECEIVED BACKGROUND POWER, WATT 0. 00E+00 ERR

RECEIVED SIGNAL AND NOISE PARAMETERS

—_:--:_:—_:-——-_——:—-:—-——--—:—_:—_:

RECEIVED SIGNAL, WATTS PEAK 1.97E-07 -67.06&
SYSTEM MARGIN 10.30 10.13 INFUT
RECEIVED OPTICAL FOWER, WATTS AVG 1.03E-08 -79.78
SIGNAL CURRENT, A"2 8.17E-13

SHOT NOISE CURRENT, A"2 2.936E-14

BEKG NOISE CURRENT, A"2 0

AMF NOISE CURRENT, A"Z : 4,730E-15

DETECTOR OUTFUT GNR 23.9¢ 13.80

REQUIRED SIGNAL PARAMETERS

REQUIRED SNR AFTER PROCESSING LOSS 2. 40E+0! 13.8¢

t:J{}fl<ii;l7l'__—'
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of the divergence, the transmit signal will be reduced by 10.5 db. We
now investigate this possibility.

The link considered above is basically limited by background noise
induced by the sun in the FOV requirement. A sun block can be placed
behind the transmitter to eliminate this effect. Only the off-axis sun
scatter will be of concern which is typically 20 db down from the
on-axis condition. Figure 9 is an exercise to evaluate the link margin
if the background noise can be eliminated. A few parameters are also

modified from the Figure 8 example:

Transmit power ’ 1mW (1/3 X)
Transmit FOV 20 milliRadians (3.3 X)
Receive Aperture 4 inches (4 X)

This system now has a 10 db margin even with a less expensive lower
power transmitter. Also, the increased receive aperture can tolerate

more obstructions along the LOS,

4.2 Fiber Optics Link

If the transmitter and the receiver are connected by an optical
fiber, then both the space loss and the background noise will be
eliminated. The transmission loss of the signal is close to 46 db for
the TRW example. For a 150m cable, the attenuation is negligible.

There may be a little loss due to dispersion. However, the overall link
should have plenty of margin. Hence, LED transmitters can be used in
place of the more expensive laser diodes. )

The main problem is mechanical. The cable must be on a spool and
must be wound or unwound as the MRMS travels. The cable may get

tangled. Reliability may also be a problem. Also, some operational

constraints must be place on the movement of the MRMS to ensure that the

c:lf}ll<ii;lrl'_'__
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Figure 9. Modified Optical Link Budget.

SFACE STATION MRMS LINK (TRW EXAMPLE)

LASER TYFE BAALAS INFUT
WAYELENGTH, MICRON 0.823 INFUT
LINK TYFE COMM INFUT
SYMBOL ERROR RATE 1.00E-07 INFUT
DATA RATE, BPS {.32E+08 INPUT
MODULATION FORMAT MANCHESTER INPUT
EXTINCTION RATIOD 10.00 INPUT

TRANSMITTER PARAMETERS

=== ==SZT====SSE====SZZ=SZ==S FACTOR DB

FEAK POWER, W 2.93E-03 -29.33 INPUT
AVERAGE POWER,W 1.61E-03
FULSE WIDTH, SEC 3.79E-09
FULSE RATE, FFS 1.32E+08

TRANSMISSION EFFICIENCY 9.21 -&.87
OPTICS EFFICIENCY 0,50 INFUT
RMS WAVEFRONT ERROR LDSS ) 0,41 INFUT
CIRCULARIZATION LOSS 1.00 INPUT

POINTING LOSS 0.42 -3.73
FOINTING ERROR, RAD 2.00E-03 INPUT
FOINTING JITTER, RAD RMS 6.00 INPUT
TOTAL POINTING ERROR, RAD 2., 00E-03

TRANSMITTER GAIN 8.39E+05 59.34
AFERTURE DIAMETER, M 1.00E-02 INFUT
OBSCURATION DIAMETER, M G.00E+00 INFUT
BEAM DIVERGENCE, RAD 6. 11E-03 INFUT

CHANNEL PARAMETERS

FREE SPACE LOSS ) 1.92E-19 -187.18
RANGE SEFERATION, M 150.00 INPUT

BACHGROUND RADIANCE, W/M“Z/SR/ANG 1.71E+01 INFUT

“ACHGROUND IRRADIANCE, W/M*2/ANG 0.00E+QD INFUT

ATMOSPHERIC LOSS 1.00E+00 0.00 INFUT

RECEIVER PARAMETERS

RECEIVER ANTENNA GAIN 9.36E+09 99.71
APERTURE DIAMETER, M 2.54E-02 INPUT
GBSCURATION DIAMETER, M 0.00E+00 INFUT

TRANSMISSION EFFICIENCY .52 -2.85
OPTICS EFFICIENCY 0.52 INPUT

JFTICAL FILTER TRANSMISSION 0,90 -0.46 INPUT

OFTICAL FILTER BW, ANGSTROMS 100,00 INFUT

RECEIVER DIAMETRICAL FOV, RAD 1,00E-03 INPUT

4C COUPLING LOSS 1.00 ¢.00 INPUT
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Figure 9. (Continued)

DETECTOR PARAMETERS

P P e r T Ty
SSSSSsSs==z==========

DETECTOR TYPE APD INPUT
DETECTOR NOISE FACTOR 2.33
AVALANCHE GAIN 52.00 INFUT
IONIZATION COEFFICIENT 7.00E-03 INFUT
UNITY RESPONSITIVITY, A/W 0,53
DETECTOR QUANTUM EFFICIENCY 0.83 INPUT
DETECTOR NOISE EQUIVALENT POWER, W/HI™.S 2.61E-13
PREAMP NOISE CURRENT DENSITY, A/HI*.S 6.00E~-12
EFFECTIVE REC. TEMF., DEG K 300.00 INPUT
EFFECTIVE RECEIVER RESISTOR, OHMS 460.20 INPUT
NOISE EQUIVALENT BANDWIDTH, HZ 1.32E+08
PROCESSING LOSS 0.5623 =2.50 INPUT
RECEIVED BACKGROUND POWER, WATT 3.1BE-07 ~-54.98

RECEIVED SIGNAL, WATTS PEAK {1.83E-07 -67.37
SYSTEM MARGIN 2.00 3.00 INPUT
RECEIVED OPTICAL POWER, WATTS AVG 5.03E-08 =72.96
SIGNAL CURRENT, A"2 1.426-12

SHOT NOISE CURRENT, A~2 7.446E-15

EKG NOISE CURRENT, A2 4.677E-14

AMP NOISE CURRENT, A"2 4.750E-13

DETECTOR OUTFPUT SNR 24.01 13.30

REQUIRED SIGNAL PARAMETERS

HEQUIRED SNR AFTER PROCESSING LOSS 2.40E+01 13.84
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cable does not get tangled with the beam structure. For example, if the
spool is mounted on the platform, then the MRMS cannot travel in a

corkscrew manner when it travels along the keel.

5.0 ANALOG TV

All six video channels can be on FDM requiring a total of 36 MHz
bandwidth using conventional NTSC analog modulation and 6-MHz channel
spacing. The integrated MRMS and MA TV channels (at least for the high
quality EVA TV) can probably be supported with.about 80 MHz. If one can
get away with using VHF or UHF, it may be the least expensive solution.

If not one can probably use C-band.

6.0 MISCELLANY

One adyantage of using RF is that the "gap filler" antennas for
the MA system can be shared. One disadvantage of an RF system is that
interferences can arise from third-order intermod products, a fact that
is sometimes overlooked.

The signal distribution from the antenna sites to the HAB and LAB

modules should be integrated with the MA system.

LinCom
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APPENDIX F: TRADE-OFF ANALYSIS FOR MA MODULATION TECHNIQUE

SUMMARY

This memo is a preliminary investigation of the factors to be
considered for selecting the modulation technique for the SS MA ;ystem.
If the bandwidth is available (BT greater than or equal to 1), QPSK (or
Staggered-QPSK) appears to be the logically choice since it has been
used widely and it performs well compared with other modulation schemes.
(The exceptions are some combined modulation/coding schemes that require
complicated Viterbi-type decoders which may not be matured in time for
high data rates, at the 20 Mbps range). If QPSK is used, then
differential encoding should be used since it only introduces a 0.3 db
loss at a BER of 10'5. For this loss, the system can be made more
tolerant to cycle-slipping and slow fading. It also eliminates the need
for phase ambiguity resolution.

If the bandwidth is not available, then a price must be paid in
terms of performance degradation and modem complexity. The degradation
will be a function of the severity of the nonlinearity and channel
bandlimiting. Depending on the exact nature of the channel, different
modulation techniques will rank differently. Unfortunately, there is no
known analysis to predict their overall performance. The only
dependable way is through simulation. Analysis is only useful for

weeding out modulation schemes that are clearly undesirable.

1.0 MA CHANNEL CONSIDERATIONS

The MA channel is characterized by a mix of low TT&C and high
digital TV data rates. The data throughput for the MA system as a

whole is on the order of a couple hundred Mbps. Depending on the

LinCom—
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eventual frequency allocation, bandlimiting may or may not be an issue
in the selection of the MA modulation format. However, in order to
derive the maximum output power, the transmitter HPA should be

driven near saturation. For this reason, the MA channel is usually

nonlinear, especially for the TV data users.

1.1 Implications for Modulation Selection

Since the -channel is most likely nonlinear, modulation techniques
are pretty much limited to the class of constant envelope modulation
schemes. This precludes, for example, the highly bandwidth efficient
schemes that transmit information using amplitude (and phase)
information such as Quadrature Amplitude Modulation (QAM), Quadrature
Partial Response (QPR), or Amplitude Phase Shift Keying (APSK).

What remains is the class of modulation schemes that only use phase
variations in the signal to transmit information. Two distinct
representatives within this class are M-ary PSK (MPSK) and Continuous
Phase Modulation (CPM). In MPSK, the signal is contained in the
discrete phase states. In CPM, the signal is contained in the phase
trajectory. A simple example for MPSK is the classical BPSK. A simple

example for CPM is Minimal Shift Keying (MSK).

2.0 TRADEOFF CONSIDERATIONS

If bandwidth is not a major concern, then the selection of the
modulation schemes will be dictated by their classical infinite

bandwidth AWGN performance as shown in the following examples:

Modulation Required Eb/NO for
Format 10-7 BER
QPSK/BPSK 11.3 db
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MSK(CPM/2) 11.3
CPM/4 13.3
8PSK 14.6

In the table CPM/n denotes CPM with a modulation index of 1/n. When
bandlimiting is not a problem, QPSK (or BPSK) and MSK are clearly the
winners. However, QPSK should always be the first choice instead of

BPSK since it is twice as bandwidth efficient.

2.1 Degradation Due To Bandlimiting

When bandlimiting becomes a factor the performance of these
modulations will deviate from the table given above. This is because
their spectral shapes are di
characterized by a BT product where B is the one-sided RF bandwidth and
T is the desired bit time. Generally speaking, when BT is greater than
1.5 or 2 the degradation (mostly from intersymbol interference, or ISI)
due to bandlimiting will be less than a few tens of a db. For BT
betweeﬁ 0.4 to 1.5, bandlimiting can introduce significant l1osses to the
tune of a few dbs. For BT smaller than 0.4, bandlimiting becomes the

dominant 1oss factor for a communication link and usually determines the

irreducible error.

2.2 Combined Effect of Nonlinearity and Bandlimiting

Nonlinearity will introduce additional degradations since the
transmit signal is distorted by the nonlinearity through AM/AM and AM/PM
conversion effects. On top of this, the nonlinearity also aggravates
the interchannel interference problem. If the HPA were linear, then a
signal can be first filtered to its allocated channel spacing before the

final amplification. However, a nonlinearity tends to destroy the

C’Zf%ll‘ifi)l’l -
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effect of prefiltering by restoring the output signal spectrum to its
original shape before filtering. Any desired filtering must be done
after the nonlinearity. Post-HPA filtering is costly both in terms of
dollar cost of the filter and the power loss through the filter. The
amount of broadening of the bandlimited signal depends on the modulation

selected. Typically, CPM schemes are more tolerant to the nonlinearity.

In this sense, they are superior.

2.3 Implementation Issues

Modems designed to operate for a nonlinear, bandlimited channel
are quite different from classical modems designed for linear, wide-
band channel:

- In general, equalization must be employed at the receiver to
recover some of the losses due to the nonlinearity and
bandlimiting.

- Surprisingly, the classical I&D detector is no longer optimal. A
simple sample-after-filtering detector usually gives better
performance.

- Depending on the degree of nonlinearity and bandlimiting, other
receiver subsystems such as the carrier tracking loops and bit
synchronizers will deviate from Fheir predicted performance

obtained through classical analysis.

3.0 MPSK SYSTEM

There are three variations of a MPSK modulation system. The
basic MPSK system requires an M-fold phase ambiguity resolution. When
the data is first differentially encoded then the receiver can bypass

the ambiguity resolution stage. This is because any phase offset will

o[:'n&m -
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be canceled during the data detection process as the data information
is contained in the phase transition. The modified system is termed
MDPSK. The MDPSK signal can be detected using a coherent phase-locked

loop receiver as in the MPSK case - termed coherent detection of

MDPSK. Or it can be detected without the explicit knowledge of the
phase, requiring only a frequency-locked loop for its implementation.

The latter is termed diffeﬁential]y coherent detection of MDPSK.

The performance of the 3 systems are different. For very high SNR

they can be approximated by their asymptotic approximations:

Modem BER Approximation
MPSK Erfc(/Rg sinT/M)/L
CMDPSK 2 Erfc(/R. sinr/M)/L
[+ CoSThy -
DCMDPSK o Erfc/R (1-cos T/M)/L

where L=10g,M and R= log,M Ey/Ny. As a result, the performance of
CMDPSK is nearly identical to MPSK at high SNR. At a BER of 10'5, the
difference is approximately 0.3 db. The performance of DCMDPSK is
approximately 2.3 and 2.8 db degraded from MPSK for M=4 and 8

respectively. Figure 1 shows a plot of the BER curves for M=4 and 8.

LonCom—
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APPENDIX G: ORDERWIRE DATA BASE ANALYSIS

SUMMARY.

This memo considers two approaches to implementing the orderwire
channel for the SS MA system. It appears that a random access technique
is the least expensive one. This memo also provides a preliminary 1ook
at the information needed in an orderwire data packet (frame) to

initiate the MA link.

1.0 ORDERWIRE

The orderwire channel is for the SS to manage the MA links between
itself and the users. To establish a return link (user to SS), the user
normally initiate a request through the orderwire. The SS in turn
acknowledges the request and allocates ; channel (consisting of
frequency and hardware resource) to the user. The user can then start
the communication process. Alternatively, the SS can also prompt the
user to initiate the process. The user then goes through the above
sequence after being prompted.

To establish a forward link (SS to user), either the user or the SS
can initiate the process. fhe other party then acknowledges the

initiation so transmission can begin.

2.0 ORDERWIRE ACCESS SCHEMES

Two access systems can be considered for the SS MA orderwire:
random or deterministic. In a random access system, the user accesses

a common orderwire channel whenever he wants to transmit. A conflict
may exist if two or more users want to access the channel at the same

instance. In a deterministic system, the orderwire is pre-allocated to

LinCom—
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a user so that no conflict is possible e.g., TOMA, COMA or FDMA.

2.1 Random Access Orderwire

A random access orderwire may be the least expensive approach for
the SS MA system. Because the number of simultaneous users are
relatively small and that the number of users initiating service is even
smaller at any given time, the chance for conflict is remote. With a
simple contention resolution scheme such as waiting for a random elapsed

" time before retransmission, this conflict can be resolved. (The user
can find out if there is a conflict by checking the received orderwire
data from the SS).

To implement the random access orderwire, a user ID identifying the

orderwire packet is required.

2.2 Pre-assigned Orderwire

Of the three MA schemes, TDMA is probably the least desirable.
Even for a low rate (a few hundred bps) user channel, the resulting
total TDMA system rate will require an EIRP too high for the
omni-antenna system to handle. Also maintaining system sync is quite
complicated.

FDMA is practical. However, due to the frequency instability of
the user oscillators, a minimum channel separation of up to 50 KHz is
required regardliess of the data rate. Hence, the RF bandwidth to be
allocated to the orderwire'will be on the order of a couple MHz. This
is not a real constraint. However, the user receiver must be capable of
handling the set of frequencies so that a frequency synthesizer is
required.

The amount of RF bandwidth required for CDMA will also be on the

. LinCom
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order of a few MHz. However, a CDMA receiver is more complicated than a
FDOMA receiver. If the CDMA receiver is already available on board the
user, for example because of the TDRSS link, then CDMA is viable. Also,
the SS may use the PN signal for ranging.

Pre-assigned orderwire channels do not require user ID.

3.0 ORDERWIRE RETURN LINK (USER TO SS)

The following information is needed to determine the user
characteristics and 1ink requirements:

o User ID (6 bits)

o Forward/Return (1)

Service Type (2)

Q

o Data Rate (3)

o Data Format (2)

o User Location (90)
The following information is needed for modem operation and/or future
expansion capability:

o Sync Pattern (28)

o Status (1)

o Parity Check (8)

o Spare (40)
A maximum of 167 bits is needed. Depending on the access scheme used
some of the data items are not required. The data information can be

contained in one frame or can be spread over a few frames.

3.1 User ID

The SS will need to keep a user data base. This data base includes

individual maximum transmit EIRP, dynamics, and service requirements.

LinCom—
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The user ID identifies this user data base. Assuming potentially 64
users, it requires 6 bits. If a CDMA scheme is used for the orderwire,
then the unique PN code sequence defines the user and a user ID is not

required.

3.2 Forward/Return

One bit is used to denote forward or return link.

3.3 Service Type

The service type defines whether a TV, TT&C, or HUD+TV (EVA)

channel is requested. It requires 2 bits.

3.4 Data Rate

For digital TV, the data rate may vary from 2 to 22 Mbps. 3 bits
will be enough to represent up to 8 distinct data rates within this
range. For HUD, the data rate is fixed. For TT&C, it appears that 8
levels should be enough to specify data rates in the form of 1/2n * 100
Kbps where n ranges from U to 7. This covers the range from 781 bps to
100 Kbps. Hence 3 bits will be required and the value of the data rate

will be determined by the type of service requested.

3.5 Data Format

This is required only if the link is allowed to select bi-phase or

NRZ, or coded or uncoded data. 2 bits will be required.

3.6 User Location

User location will be required for the SS to direct its antenna

beam. From the user location the SS can also determine the range
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between itself and the user. This range information can be used to
instruct the user to adjust its EIRP if power control is to be
implemented for the MA system.

It appears that if the user location can be determined to 1 Km
accuracy, both functions can be satisfied. First of all, the accuracy
is acceptable for the very coarse power control requirement. Secondly 1
Km at the far range, where accurate pointing is required, represents a
small angular error. At the mid-range where the angular error is large,
the SS uses wide beamwidth antenna coverage. At the near range, the SS
is required to control the users for the purpose of rendezvous so more
accurate locations must be derived from other means.

Some users will be tracked by the ground so their locations can be
accurately determined with ephemeris data. This jnformation can be
relayed to the SS via the regular TDRSS link. Some users will have a
GPS recéiver on board. For this class of users, they can probably get
very accurate position fixes. There .may be another class of users that
operates strictly from the SS and depends on the SS for tracking with
some other means such as radar.

Hence the user location information only applies to the user who
can determine its own location. To estimate the number of bits required

we assume that:

Parameter Maximum Accuracy Bits
Position +/-13,000 Km 0.1 Km 18
Velocity +/-20 Km/s 0.01 Km/s 12

There are three components (x,y,z) to position and velocity so that the
total number of bits required is 90. The user probably do not need to

transmit time, since the SS can time-tagged the location message. The
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accuracy achievable should be good enough to determine the location of

the user to a Km.

3.7 Sync Pattern

If the orderwire 1ink is not continuously operational between the
user and the SS, then a time slot must be provided for the SS to acquire
the user transmitted signal. This may required perhaps 10-20 bits for
the SS to acquire carrier and bit sync. If the link is continuously
established, then the whole frame can be used for initial acquisition. A
frame sync pattern is also required to define the data frame. 8 bits

should be enough.

3.8 Status .
One bit should be reserved to indicate user activity. This bit is
normally set to zero when service is not required. It is set to 1l to

initiate return link request or to indicate ready for forward 1ink.

3.9 Parity Check

8 bits should be used for parity check.

3.10  Spare

40 spare bits should be allocated for future capability expansion.

4.0 ORDERWIRE FORWARD LINK (SS TO USER)

A maximum of up to 171 bits is required. The following information
is needed for service assignment:
o User ID (6)

o Forward/Return (1)

c[:'n&m -
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o Service Type (2)

o Data Rate (3)

o Data Format (2)

o SS Location (90)

o Channel (Frequency) Assignment (4)

The first 5 data items (user ID, forward/return, service type, data
rate and data format) serve to acknowledge and verify the link request.
They are identical as the ones for the orderwire return link. The
format for the SS location bits is the same as that of the user location
for the return link. It is intended to help a user to direct its
narrowbeam antenna. The number of bits required for channel assignment
is determined by the maximum number of channeis in any ssrvice type. 4

bits should be enough.

The following information is needed for receiver operation and/or

future expansion capability:

o

Sync pattern (28)

o

Status (1)

o

Parity Check (8)

o Spare (40)
Here the data items are functionally identical to the orderwire return
1ink except for the interpretation of the status bit. This bit is
normally set to zero when no service is required. This bit is set to 1

to initiate link requast or to indicate 1ink readiness.

Csl{}’l(ii;l7l'—-=-

1-59




— inCom

APPENDIX H: MA USER COMMONALITY STUDY

SUMMARY

This memo provides a preliminary look at a transceiver conceptual
design that serves to address the issues associated with designing a
common set of user equipment that can satisfy the MA user link
requirements. Specifically, we focus on the architecture of the RF/IF
subsystem, the modem and the codec implementation. It appears that a
“smart" microprocessor-based digital modem can be used for the core of the
user equipment. To facilitate channel multiplexing/demultiplexing

(bandpass filtering) a double heterodyne technique is proposed.

1,0 INTRODUCTION .

There are up t6 30 potential users of the SS MA system. If a
common set of equipment can be designed to satisfy all the user needs,
the development cost of the user equipment can be shared and will
become less prohibitive. Figure 1 shows a conceptual block diagram of
the functional requirements of a general-purpose user transceiver
equipment. In what follows we examine the concept of commonality as they
apply to, in light of the various link requirements, the three main
components of the user equipment: RF/IF subsystem (frequency
converters), modem, and codec (within the data subsystem shown).

The 6-channel high rate TV for the MRMS is ignored here for
commonality consideration. The MRMS is really not a "user" but rather a
part of the SS. Also, the 6-channel TV is best served by a single high
data rate (132 Mbps) multiplexed channel, something that is unique in
the MA system requirement.

There is yet another level of commonality associated with other
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communications equipment onboard the user that may include, for example,
GPS receivers and NASA standard transponders. However, they will be the

subject of a future memo.

2.0 RF/IF SUBSYSTEM

The SS MA system is primarily a FDMA system. To minimize
interference from other users, the user transceiver must provide the

required filtering.

2.1 Frequency Downconversion

The downconversion subsystem provides the frequency conversion of
the received RF signal from K-band to a convenient common IF. There are
two approaches to filtering that can be taken. In the first approach,
the signal is only bandlimited to'the entire MA forward band
(approximately 100 MHz) provided primarily by the diplexer. Additional
channel selection for the user links will be performed at the
demodulators. This approach is very close to the block diagram laid out
in Figure 1 where a single downconverter is shown feeding three
different receivers. In the other approach, channel selection will be
performed within the downconversion subsystem. The disadvantage of this
is that multiple downconverters are required if the user wants to use,
for example, the TV and OW links simultaneously.

The first approach is recommended for maximum commonality. Figure
2 is a more detailed block diagram for the downconversion subsystem. A
370 MHz IF is chosen for illustrative purpose only. The only
requirement is its ability to handle the 100+ MHz MA forward frequency
band. Earlier SS MA studies have concluded that signal dynamic range

variations among different users are relatively mild. Thus processing

o[:'nam -
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of the filtered composite MA RF signal would not present a serious
intermod problem as a result of having to overdrive the LNA and the
mixer beyond their linear operating range in order to provide an

acceptable noise floor for the low power channels.

2.2 Frequency Upconversion

It is assumed that appropriate channel filtering has been performed
by the individual modulators depicted in Figure 1, so that additional
pre-filtering at the input to the final high power amplifying stage is
not required. Post-filtering at the output of the HPA is costly and is
not very practical if the signal bandwidth is narrow (for example the
100 Kbps TT&C channel) thus requiring a low loss, high Q K-band bandpass
filter. Hence it is important to be able to.operate the HPA with

sufficient backoff (operate in the linear region).

3.0 MODEM

3.1 Demodulator

There are three functionally distinct demodulator types as
indicated in Figure 1. The question is: Can a single demodulator
assume all these identities? The companion question is: How
practical is this?

Figﬁre 3 shows a high level block diagram of a universal
demodulator using digital technology. The BPF bank is used to provide
interference rejection among MA users. It has selectable bandwidths to
accommodate the channel spacing allocated for the link type. For
example, it may consist of 30 and 15 MHz for high and low rate digital
TV, 800 KHz for HUD, 300 KHz for TT&C, and 50 KHz for orderwire if a

random access scheme is used. (If a CDMA scheme is used for the
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orderwire, then a PN demodulator and approximately 5 MHz of bandwidth
are required. This situation is unique and the commonality requirement
does not really apply.)

A 120 MHz second IF is shown here as an example. The only
requirement for this frequency selection is that it is low enough for
practical bandpass filters yet high enough to accommodate the 100 MHz
signal bandwidth to permit mixing operation to center the desired
channel at the input to the BPF, without introducing folding of the
entire MA forward signal spectrum.

A microprocessor-controlled digital implementation provides
operational flexibility, ease of maintenance, and minimization of
calibration, set-to-set variations, parameter sensitivity, adjustment and
select-in-test procedures during production. It also facilitates the
implementation of built-in-test techniques.

Analog-to-digital converters up to 100 mega-samples/sec are
available commercially. Assuming a QPSK format, the technique of I-Q
sampling can be used for the high data rate TV link so that 8 samples
per bit can be taken. The loss due to sampling is thus minimal. The
digital processor, consisting of mainly accumulators, is used to perform
the data detection, generate phase and timing error for the carrier
tracking 1oop and bit sync. The digital processor is the only
high-speed digital board(s) for the digital receiver. The loop errors
are passed to the microprocessor at a slow rate (a few KHz) comménsurate
with the loop bandwidths.

To perform the high rate TV link demodulation the A/D and digital
processing subsystems must be implemented with high-speed ECL
circuits. For the TT&C and OW links, they can be implemented with CMOS

using direct IF sampling and hence the power requirement can be reduced.
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Therefore, one option is to make the A/D and digital processor
subsystems on plug-compatible boards using both technologies, one for
high and one for low data rates.

The algorithms for the microprocessor which performs the function
of carrier and clock tracking are the same for all data rates. They
include processing of the phase and timing error from the digital
processor board and, based on these input, providing the control for the
clocks (synthesizers) for A/D sampling, bit sync and carrier recovery.
The development cost for the algorithm software and synthesizer/clock

hardware can be shared.

3.2 Moduiator

The modulator design is rather straightforward and it appears that
a single QPSK modulator design can be used for all data rates. To
facilitate filtering for channel multiplexing, two IF frequencies are
used as shown in Figure 4., The QPSK modulator operates at a fixed 70
MHz IF. The BPF bank is used to limit the signal to the allocated
channel. The signal is then upconverted and placed into the appropriate
frequency slot relative to the center [F at 200 MHz. Again, all
frequencies are selected for illustrative purposes only. Note that the
modulator and demodulator IF frequencies are different in order to

minimize potential interference.

4,0 CODEC

Commercial convolutional codec chips (rate 1/2 with Viterbi
decoding) will be available for data rates less than 5 Mbps. It appears
that the SS user coding schemes should be standardized to take advantage

of these chips for all non-TV links. For high rate TV links,
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these chips will not be directly applicable. In addition, bandwidth
expansion is a problem. It appears that coding should not be employed
in this case if the link margin is sufficient. If coding is a must,
then a separate, more detailed study is required. In any case, this is

not really a commonality issue.
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APPENDIX I: FDMA INTERCHANNEL INTERFERENCE AND INTERMODULATION ANALYSIS

SUMMARY

Nonlinearities in the transmitter and the receiver, coupled with
signal bandlimiting to optimize bandwidth utilization give rise to
interchannel interference and intermodulation (IM) products that affect
FDMA communications system performance. Interchannel interference
refers to the spilling over of the spectrum of a signal to other
frequency channels. Intermodulation refers to cross products of
individual channels when they pass through a common nonlinearity.

The options available for the SS to mitigate these effects are:
transmit power control, post-HPA filtering, HPA backoff or
linearization, and separation of strong interferers from weak power
channels in the frequency plan.

Because of the complexify due to the large number of variables
(nonlinearity model, power level, signal format, filter, frequency
assignment, etc.), computer simulation is the only viable approach to

analyze this problem. This approach is outlined here.

1.0 INTRODUCTION

The baseline SS MA system is basically a demand-assigned FDMA
system where the channel assignment is accomplished via the common
orderwire link. In this respect, it is similar to the SPADE FDMA used
by the INTELSAT IV transponders. However, the interchannel interference
and intermodulation considerations are quite different: whereas the
nonlinearity (transponder) is shared by many (800 channels) in SbADE.

the nonlinearities involved with SS MA system operation are only shared

LinCom
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In this memo, we address the issues of interchannel interference
and IM products associated with the SS MA system and options available
for their mitigation, and comment orf the avenues of analyzing their

effects.

2.0 INTERCHANNEL INTERFERENCE

To obtain the maximum channel capacity in a bandwidth-limited
system, channels are packed as closely together as possible. However, a
QPSK signal spectrum exhibit sidelobes that interfere with adjacent
channels because of the spectrum overlap. Hence, the signal must be

filtered at the transmitter to minimize this interference.

2.1 Intersymbol Interference Loss Due to Filtering

Filtering in general introduces intersymbol interference (ISI)
which degrades the BER performance. For a QPSK signal through a linear
channel, the BER degradation as a result of limiting the signal with a
0.1 db rippie Chebychev transmission filter, is exemplified in Figure 1.
The horizontal axis is a measure of the 3 db bandwidth of the filter
relative to the symbol rate (which is half the bit rate for QPSK
signal). The performance degradation is a function of the sharpness of
the filter (indicated by the number of poles) and the method of
detection. Notice that the performance of integrate-and-dump detection
(solid 1ine) is slightly worse than filter-sampier (dashéd line) when
the 3 db bandwidth of the filter is less than or equal to the data rate
(1/WT > 0.5). When the bandwidth is greater than the data rate, a
considerable amount of degradation is caused by the energy truncation

action of the filter indicated by the lower bound curve.

. LinCom—

1-71




inC)om

ORIGINAL PRt ™
QF ‘POOR QUALITY

7 i Y ! T 7
integration d ion v/
-t = 2.pole Bul!er;ﬂonh data fitter, 8,7 =1 nd? 7 Y.
! ] - 4 -
& 0.1 dB rippie Chebychev transmission fifter I' fi 4
® sampling based on group delay (linear phase) i /
3 5 &, = 1/T = symbol transmission rate i/
-
) Il 7 / /
= ? 7{ 1 !
" /
<4 5
5 /
.i 3 / I/ ; 7 1, A
/ /
E. Net foss 3-pole /, /, 2/ &7, 1
3 for tiltering ] A / 4
I before r
amplification __.J
ion | e d
. energy truncation loss ! = v
I g pulf =SSt s -]
S
s
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
R, /W = 1/WT = symbol rate/3-dB RF bandwidth
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For QPSK, Bit Rate is Twice the Symbol Rate.
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Notice that the dégrédAtion is on the order of 1 db or less if the
filter bandwidth -ig greater than the data rate. This can be used as a
rule-of-thumb starting point to iterate the design for the channel

spacing for the MA system.

2.2 Nyquist Filtering

When the channel is linear, the degradation due to bandlimiting can
be minimized by pulse-shaping the transmit symbol waveform. If the
Nyquist criterion is satisfied, i.e., if the channel bandwidth is higher
than the symbol rate, the degradation can be eliminated completely if
the combined response (pulse shaping, channel, receiver front end,
detector, etc.) of the received symbol in front of a sampier detector
can be made to resemble a "Nyquist filter"., A practical "Nyquist"
filter" called raised-cosine filter frequently used in satellite

transmission is shown in Figure 2.

2.3 Nonlinearity

The situation is more complicated if a nonlinearity enters.into the
picture. Because of the pulse-shaping filter (which also servesbto
limit the signal bandwidth) the (QPSK signal, ideally constant envelope,
now exhibits considerable envelope fluctuation. This leads to spectrum
spreading due to the AM/AM and AM/PM nonlinear effects of the transmit
HPA. These nonlinearities tend to restore the spectral sidelobes that
have been previously removed.

As a precaution against this spectral spreading, the transmit HPA
may have to operated below saturation in an approximately linear zone
with the associated power penalty. Post-HPA filtering to control

spectrum spreading may become impractical because of the extremely high
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selectivity (high Q) requirement for low data rates (100 Kbps at
K-band).

The nonlinearity also distorts the signal in such a way that the
ISI becomes “frozen" so that the signal can no longer be made to satisfy
the Nyquist filter criterion with receive filtering. Thus, one has to
accept a certain ISI loss with a nonlinear channel. Fortunately, part of

this ISI loss can be recovered by using an equalizer.

3.0 INTERMODULATION

Nonlinearity also introduces intermodulation. For two input

carriers at frequencies f, and f, there are output IM products generated
at frequencies mf; + nf, where fm + n} = 1 (m and n can be either
positive or negative.) The magnitude of these IM products is a function
of the nonlinearity model, the relative magnitude of the two carriers,
and the drive level (operation point). In general, the most significant
IM products arise from ImI+Inl = 3, so-called third order IM products.
For multiple carriers with frequencies fl,...,fk, there are IM
products generated at frequencies m1f1+.._.+mkfk where lm1 + 0. + mk' =
1. In that case, the most significant IM products are defined by the
third order iM products arising from |m§ + ... + imk} =3, Ffor
example, the third order IM products for the casea of three carriers can
be represented by the 3-tuples (2,-1,0), (-1,2,0), (-1,1,1), (1,-1,1),

and (1,1,-1) where each 3-tuple represents a particular combination of

ml* Mo, and m3.

4.0 SS MA SYSTEM SCENARIO

For the purpose of the present discussion, the MRMS is not

considered.
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4,1 Forward Link

The SS has to communicate with approximately 18 potential users
providing 4 types (Orderwire, T&C, TV, and HUD) of link. Each .
link is further broken down into a number of channels. Each channel
is assigned a unique frequency slot.

We assume that since a FDMA scheme is used and more than one
antenna type (and site) is envisioned, the SS can and will use multiple
low power RF Solid State Amplifier (SSA) devices instead of a single
high power amplifier (HPA) to serve multiple users. Hence, only one
signal (channel) will go through a nonlinearity. If this assumption

holds, then intermodulation is not a problem; however, interchannel.

interference must be considered.

4,2 Return Link

‘ Each user communicates only with the SS, using up to 3 different
types of link (OW, T&C, and TV) simultaneously. Some of these users
may prefer to use a single RF power amplifier to support all three
channels. In this case, both intermodulation and interchannel

interference effects must be considered.

5.0 CONTROL OF INTERCHANNEL INTERFERENCE AND INTERMODULATION FOR SS

As far as the SS MA system requirement is concerned, the equivalent
nonlinearity “noise" power of the interference and IM products should be
kept to be approximately 20 db below the desired signal, measured within
the allocated channel bandwidth at the receiver front end. This assumes

that the signal-to-thermal noise power ratio required is about 10 db and

—oLinCom—
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the nonlinear "noise" power is required to be 10 db below the thermal

noise power,

5.1 Options for Control

The above requirement has different ramifications for different
users and link types. First, let us examine the options that one can
use td control this nonlinear noise. These options include transmit
power control, post HPA filtering, HPA backoff, and near/far channel
separation. Recently, there has been reports of experimental TWTA
linearizers that correct for a large part of the AM/PM and extend the
linear operating range of the TWTA (for example, see Satoh and Mizuno,

[EEE Journal on Selected Areas in Communications, Jan. 1983, pp 39-45.)

This may be something worth exploring.

The range between users and SS varies from 0.3 to 2000 Km,
representing a signal strength dynamic range of 76 db. Hence a signal
intended for a user at 2000 Km has a 76 db "advantage" in interfering
with a user at 0.3 Km. Power control can be uséd to offset this
"advantage".

When the signal has a wide bandwidth, post-HPA filtering is

gasibl This can be used for the TV'channels. However, for each

rine 1 - H AL k=R A= I

(9]

e.
additional channel assignment, a different filter is required. In
addition, a switching mechanism must be provided. Note that the
multi-filter requirement is only a problem with a user. The SS can use
dedicated RF paths since it has to proviue support for all TV channels.
The nonlinear "noise" is a strong function of the HPA backoff.
Hence, if link margin is available, the transmitter can operate at

sufficient backoff to mitigate intermodulation and interchannel

LinCom—
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The last technique that one can use is to arrange the channels

in such a way that the near-far advantage is minimized.

5.2 Forward Links

Figure 3 (Figures 3-6 are taken from an earlier LinCom MA
report) shows the range of SS transmit EIRP. Under the assumption
mentioned previously that each channel has a dedicated RF ampiifying
element, intermodulation products will be absent. What remains is
interchannel interference due to spectrum broadening. The'strongest
interference will be from the free flyers (FF) on the orderwire channel
because of the transmit EIRP difference. Figure 4 is an illustrative
channel assignment for the MA forward service. To minimize the effects
of interference among the different links, the following can be done:
- Provide post-HPA filtering for each link i.e., separate
filters for FF, EVA, and OMV/OTV links.
- Position FF link away from OW link as far as possible as
in Figure 4,
- Backoff FF link drive level when they are closer to the SS.
For the channels of a particular link type, especially TT&C, post-HPA
filtering becomes impractical because of the high Q required. In that
case, the options are:
- Backoff HPA if margin is available.

- Increase separation between channels.

5.3 Return Links

Figure 5 shows the range of received power flux density at the SS
for different users. Some users may want to transmit signals from two

or more links and use a single HPA. For these users, IM products are a

c&nam -
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Figure 3. Forward Link Signal Strength Variation.
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Figure 4. Forward Link Channel Assignment Example.

oa'nCi)m —

1-80




—o[}nc)om

FF

OMV/0TV

EVA

-100 -80 =60 40 20
RECEIVED POYER FLUX DENSITY. dBl/m2

([em]

Figure 5. Return Link Signal Strength Variation.
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Figure 6. Return Link Channel Assignment Example.
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problem, in addition to interchannel interference. Figure 6 is an
illustrative channel assignment for the MA return service. To minimize
the effects of nonlinear interference, the following options are
available:

- Power control is an option that is not very effective for the
forward service to mitigate the near-far problem. However,
for the return links, if the user transmitter uses power
control, then the received signal power density (received
power/Hz) from different users can be made to be nearly
equal. In that case, the interferences will not be
aggravated by the distance disadvantage.

- Separate TV and TT&C links as far as possible on the
frequency plan,

- Provide sufficient backoff.

- Use dedicated HPA for TV 1ink and provide post-HPA filtering.

One can also select the frequency plan such that the third-order

IM products fall outside the frequency plan. For a simple 2-signal case

with center frequencies f; (lower) and f, (higher), the third-order IM
products are at f,_F and f,+F where F=f,-f;. Using Figure 6 as an
example, it can be seen that the third IM products from combining the
OMV/0TV link with the TV link fall either outside the left edge of the
frequency plan or interfere with the EVA or TV channel. Notice that the
third-order IM products from the EVA using TT&C and TV can only
interfere with adjacent TV channels.

For interference between channels for a given link type, we can
either backoff the HPA or provide wider channel separation. Notice

that a wider channel separation does not eliminate the IM problem.
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6.0 HOW TO ANALYZE

Because of the complexity of the problem due to the large number of
variables (nonlinearity model, power level, signal format, filter,
frequency assignment, etc.), simulation is the only viable approach to
yield any meaningful answers. As a first step, one should probably
perform a signal-only simulation to determine the signal spreading due
to the nonlinearity. This is performed for a single signal first and
later for multiple signals to assess the intermodulation effect. This
information can then be used to add an additional “nonlinear"
interference noise term to link budget calculations. If the results
indicated that the interference is at a range that is "critical”, then a

more detailed simulation will be required.

t LinCom
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APPENDIX J: FREQUENCY MANAGEMENT

SUMMARY.

Power Flux Density (PFD) compliance and channel allocation
considerations are the subjects treated in this memo. To comply with
PFD Timits, it is recommended that a spectrum spreading technique such
as direct sequence spreading be used for the orderwire (OW) channel.
For TT&C, it is perhaps easier to provide workaround procedures and to
ask for relieve from regulatory agencies.

Two issues concerning channel allocation (intermodulation and
interchannel interference) have been considered in an earlier memo
(Appendix H). In this memo, we consider guidelines for allocating the
channels to minimize performance degradation, interferences, and

equipment complexity.

1.0 POWER FLUX DENSITY COMPLIANCE

An earlier LinCom study showed that certain SS MA Tinks will have
trouble meeting the PFD limit impinging on Earth. This has been
confirmed by recent computer simulations (see LEMSCO memo "Space Station
frequency division multiple access communication system excess power
flux density analysis" June 1985 by D. Cravey) performed on the JSC
Systems Analysis Office's VAX 11/750 computer. As expected, the power
flux density level depends heavily on the antenna pattern for a given
EIRP. The broader the beamwidth, the higher 1s the chance of violating
the flux density limit. Figure 1 is a summary of findings taken from

that report. The problematic links are the orderwire and the TT&C

links.
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FIGURE 1. MAXIMUM EXCESS PFD SUMMARY FOR WORST CASE PATH POINTS

Link |Data |User User position point Max. excess 5122 :ig;gs
dir. |type |zone |(as defined in fig. 6) PFD, dB PFD
Fwd oW Far A -6.9 0.0
Mid 16.7 2.9
Near 20.2 2.9
C&T Far A -13.8 - 0.0
Mid B -4.2 0.0
C 32.9 0.004
Near D 6.3 0.388
TV Near D -17.1 0.0
Rtn oW Far H 12.1 3.05
Mid G 12.2 3.19
F 14.6 3.19
Near E 15.4 2.91
C&T Far H 11.8 0.168
Mid G -1.7 0.0
F 0.7 0.022
Near E 1.5 0.056
v Far H -28.0 0.0
Mid G -6.7 0.0
F -1.5 0.0
Near E -21.9 0.0

ofin&m -
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1.1 Orderwire Link

The orderwire is a problem except for the forward link at the far
zone. Since the orderwire is a low data rate 1ink, spectrum spreading
technique can be used to "dilute"-the power over any 4 KHz bandwidth.
For example, if the orderwire signal at 400 bps is spread with a 3 MHz
direct sequence, the resultant power over any 4 KHz will be reduced by a
factor roughly equal to the processing gain - 7,500 or 39 db. This is
enough to cover the maximum 20.2 db over-PFD-limit shown in the figure.
From this point of view it appears that CDMA should be used for the
orderwire., The CDMA orderwire format already has the advantage that it
is compatible with a SS-based ranging system.

One problem with using CDMA is the near-far problem presented by
the distance covered - from 0.3 to 2000 Km,” This results in a dynamic
range variation qf 76 db. If the OW is only used for mid to far ranges
(37 to 2000 Km) where directional antennas are.required, the dynamic
range can be reduced to 35 db. Now the near-far problem can be handled
easily. A simple solution is to used two separate power levels for mid
and far zone operation. In that case the dynamic range is only 14 db
for the mid zone and 21 db for the near zone. The CDMA processing gain
of 39 db should be able to handle this interference provided tnat only a
few users are on the OW 1ink simultaneously.

If power control is not desirable, then a FDM scheme can be put on
top of the COMA system. For example, the mid zone users can use a
different frequency than the far zone user. Of course, more frequencies

can be employed to divide the range into finer regions.

1.2 TT&C Link

It is not a practical matter to spread the TT&C link. Even with a

LinCom—
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10 MHz chip rate on a 100 Kbps signal, the processing gain is only 20
db. This does not solve the PFD problem. It would result in a big
waste of bandwidth since CDMA would not be practical, unless a very fine
power control scheme is implemented to solve the near-far problem.
Hence, one can perhaps employ a low-rate code (e.g. rate 1/4) to

spread the spectrum somewhat and ask for relief from regulatory
agencies. The other approach is to adopt an operational workaround
procedure and transmit only when there is little chance of interfering

with terrestrial communications.

1.3 TV Links
The TV links currently do not show any PFD violation. 1If a later
analysis proves otherwise, it is perhaps best to ask for relief from

regulatory agencies.

2.0 OPTIMUM CHANNEL ALLOCATION CONSIDERATIONS

The main issues are:

How to minimize performance degradation?

How to minimize interference (internal) among channels?

How to minimize interference (external) from other users of

the frequency spectrum?

How to minimize equipment complexity?
In what follows, a few guidelines for optimizing the channel allocation

to handle these problems are discussed.

2.1 Performance Degradation

Performance degradation arises as a result of bandlimiting the

channels. To avoid degradation, the channel bandwidth and guard-band

oﬁnam -
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between the channels should be as wide as possiblie to take advantage of

the total available bandwidth allocated for the SS MA system.

2.2 Interference Among Users

In order to minimize interference among users, it is desirable to
separate as much as possible, in frequency, the high power channels from
the low power channels. The worst interference problam is from the
strong channel to the weak channel. Since the interference power
decreases as a function of the offset frequency from the center of the
strong channel, frequency separation can minimize the intensity of the
interference. [t also makes filtering requirements less stringent since
the skirt of the filter do not have to be as steep.

1 For the forward 1ink, the distant user is the strong channel since
the SS transmit EIRP must compensate for the distance. For the return
link, the distant user is the weak channel if the near user does not use

power control.

2.3 Interference From Other Users of the Spectrum

The K-band frequencies for the SS MA system will not be a primary
allocation, hence there will be other users of the spectrum interfering
with the MA system. To provide some capability to mitigate this
interference, it is desirable to have the ability to switch to a
different channel while severe interference is encountered. Since the |
TV channel consumes a 'arge bandwidth, adding spare channels for the
purpose of providing frequency agility is expensive. However, the low
rate data channels do not consume very much bandwidth overall. Hence,
there should be more channels assigned than required for low rate users

S LonCom—
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2.4 Equipment Complexity

A user should be able to use a simple RF front-end for its links.
For this to be feasible, the different links (TT&C, TV, HUD, etc.)
should be grouped in such a way as to facilitate RF filtering. For
example, the TV and HUD links should be adjacent in frequency so that

the front-end of the EVA receiver can process both TV and HUD 1inks.
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APPENDIX K: FDMA OSCILLATOR STABILITY ANALYSIS

SUMMARY

It appears that commercially available Oven-Controlled Crystal
Oscillators (OCXQ) will drift no more than 5 KHz in either direction at
the end of seven years. Hence the guard-band to be allocated between
FDMA channels to account for long term oscillator instability should be
about 10 KHz, The bandwidth premium to be paid for the guard-band is
only significant for low data rate channels.

Short term oscillator instability affects BER performance. This is

not treated here.

1.0 CRYSTAL OSCILLATOR MODEL

The deterministic component of instantaneous frequency f(t) at any
time t can be modeled as
f(t) = fo + a frt
where f, is the nominal initial frequency, f. is the reference
frequency, and a is the aging rate (rate of frequency shift). In the

above equation, "a" describes the average rate of change of the

3 1
oscillator's o

(o
2
o
)
3
D
42
=

ency, assuming that environmental parameters
are constant, The oscillator also has a random frequency component which
is the main contributor of the noise-1ike behavior of an oscillator
measured over a short duration (from 1 to 100 secs). This is called the
short term stability. For the purpose of channel allocation, we are
more interested in the aging rates.

Environmental effects such as temperature variations, vibration,
g-force loading, shock, 1oad change and voltage changes can all

contribute to the fluctuations in the crystal oscillator's output

LinCom—
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frequency. Usually these perturbations are modeled as independent,
normally distributed random variables. Therefore the combined rms
perturbation is the square root of the sum of the variances of the
individual perturbation. The effects of the environmental factors tend
to degrade the frequency stability according to the root sum square law.
A typical set of oscillator environmental effects is summarized in Table

II

2.0 TYPICAL CRYSTAL OSCILLATOR PERFORMANCE

Figure 1 shows typical performance of three types of crystal
oscillators (circa 1984-1985). The main difference between the crystal
oscillators is the packaging, which controls the environmental
parameters. The aging ratg determines the frequency drift at the end of
one year from its pre-set frequency. They range from +/- 0.45 to 30
KHz. Figure 2 shows a more detailed characterization of the
oven-controlled crystal oscillator (0CX0, circa 1982) used by the Space
Telescope. The long term stability, whenAtranslated to K-band is 1.5

KHz for the planned mission 1ife of 5 years.

3.0 SS FDMA CHANNEL ALLOCATION

Since the price for an OCX0 is not prohibitive, its usage will be
expected from MA users. Using a three sigma rule, the frequency drift
will not exceed +/- 3.15 KHz at the end of a 7-year mission. The worst
case is when two adjacent channel drift as in Figure 3 since the aging
rate can go either way. Therefore a guard-band of 6.3 KHz will be
required to safeguard this drift.

There is another cause for frequency drifting due to the relative
motion between the SS and the user. At K-band, a relative velocity of

LinCom—
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PARAMETER STABILITY
Temperature 1X 107
Fluctuations
Vibration 2 X 10796
Shock 2 x 1076
G-Force 1% 10796
Loading »

-Q
Voltage 1X10°
Change
Load Change 1x 1079

Table I. Environmental Effects Which Degrade
Oscillator Performance.
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Short Term Stability

1.0 msec integration 2 parts per (pp) 109 (1 sigma)

0.1 sec integration 3 pp 101! (1 sigma)
Daily Stability 1 pp 109/24 hrs, maximum
Long Term Stability ti PP 107/5 yrs, maximum
Temperature Stability +9 pp 1010/25°C from -18° to +45° C
Input Power 15.2 to 16.8 Vdc, nominally
Operating Power 3.0 watts, maximum
Start Up Power 4.0 watts maximum for 3 hours
Weight » 2.8 1b

Figure 1. Characteristics of the Oven-Controlled Crystal Oscillator
Used by the Space Telescope.
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Figure 3.

FDMA Guard

Band for Oscillator Instability.
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1 m/s will induce a Doppler offset of 50 Hz. If the Doppler can be
kept to be less than a few KHz, then it may be acceptable to
accommodate it with the guard-band. Otherwise, the SS MA signal
structure should allow the user to correct for this Doppler, for

example, by employing a pilot frequency.
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APPENDIX L: FDMA MULTIPLEXING, FORMATTING AND SYNCHRONIZATION

SUMMARY

The issues involving multiplexing, formatting and synchronization
of the SS FDMA system are considered in this memo. Frequency
%u]tip]exing of the SS FDMA channels can be performed either at the
modem end within the habitat modules or the antenna sites depending on
the final RF amplification stage. To select the block length of the
data'(formatting), the important issues are overall data transfer

efficiency and bit slippage rate. It is recommended that a pilot be

used for aligning (synchronizing) the channels for high dynamics users.

1.0 MULTIPLEXING

Frequency divisién multiplexing is the process of dividing a
portion of the frequency spectrum into non-overlapping channels to
accommodate multiple users. For the Space Station, the pertinent
questions are:

- What structure should be used in allocating the channé]s?

- Where is the multiplexing and demultiplexing to be accomplished?
Another indirectly related question is: How to multiplex (route and
buffer) the data between the data source and the modem assigned to the
frequency channel? The answer to this question is rather complicated
and is dependent on the implementation of the data system. In what

follows, we shall consider only the first two questions.

1.1 Multiplexing Structure

Before considering the SS, it is instructive to look at the

frequency assignment for a typical FDMA system such as the INTELSAT

. c:lf}ll(ij;IWl-_——_
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where a mix of services are supported. The INTELSAT IV segments the
available 500 MHz into 12 transponders each with a 36-MHz bandwidth.
Each transponder can be used to carry one or two TV channels (full
transponder or half transponder TV). If a SPADE system is used for
digitized voice, then the full bandwidth of a transponder is segmented
into 800 channels with a signal bandwidth of 38 KHz and a channel
spacing of 45 KHz. 'Quaternary PSK at 64 Kbps is used for each SPADE
channel. Also a pilot is used at the band center of the transponder. A
common IF frequency of 70 MHz is used by the Earth terminal.

Under the SS scenario, the earth terminal is similar to a group of
modems on board the SS. The transponder can be the SS RF equipment that
includes the frequency converters, HPAs, and antennas.

The basic strategy used by INTELSAT is to alloca;e the available RF
bandwidth first into groups of frequencies so that it can be
conveniently handled by the system. In this cas2 the groups are 36-MHz
in bandwidth, and the system constraint is the bandwidth that can be
supported by the output power of the transponder. Each group is broken
down into channels. The bandwidth allocated to a channel of a type of
service is conveniently related to that of another ;ervice. For
mple, two half transponder TV channels can nicely fit into a full
transponder TV channel. This way the system can accommodate many
different users with a wide variety of service combinations while using
a standardized set of earth stations, modems and IF frequencies. Let us
see how this strategy can be applied to the SS, if desired.

The obvious parallel approach is to divide the spectrum into groups
that can handle the 22 Mbps TV. For illustrative purposes, let us use a
30 MHz spacing. The group can be used to support the full rate TV or it

can be divided to support two half-rate TV channels or 4 quarter-rate TV

c:lf%ll(:i;l7l'-_"=
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channels etc., or any valid combinations therein. The remaining TT&C
and OW links can then share a portion (e.g. half) of the group
bandwidth.

Another approach, perhaps better, is to realize that the SS
constraint is the nature and capability of the RF (converters, LNA, PA,
and antenna) terminals. A good modulation plan is one such that each RF
terminal (RFT) only has to handle two frequency bands, i.e., forward and
return. (It is actually more desirable to separate the forward and
return link in frequency. It is less taxing on the diplexer to handle
the big difference between transmit and receive power). The following

assignment is desirable:

TT&C group High gain antenna
TT&C and TV group Medium gain antenna
TV and OW group Low gain antenna

1.2 Where To Multiplex

A signal has to be bandpass filtered and placed into the proper
frequency slot. The bandpass filtering will be performed by the modem.
What remains is the proper translation of the IF frequency to a proper
location in one of the RF groups. The implementation of the HPA will
determine where the individual signals are best assembled.

An RFT will be fed by multiple modems (each modem serves one user).
Since the modems and the RFT are not collocated on the SS, some means
must be provided to interconnect them. A frequency multiplexer can be
used to assemble the output from the modems by translating to another IF
frequency before feeding the RFT. The proper arrangement of the
channels can be done at this time so that only a single group frequency

translation to RF is required at the RFT, see Figure 1. For this to

. LinCom—
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work, the "cable" connecting the modems and the RFT should be able to
support the second IF. Also, the multiplexing is only useful if the
whole group will be amplified by a single HPA,

If the "HPA" is a bank of medium power amplifiers each of which can
only handle a single channel, then the multiplexing at the modem end
does not help. The channels must be demultiplexed again before feeding
the amplifiers. In that case, it is probably easier to just multiplex
the modem signals in a way that is easy to demultiplex at the RFT. The
frequency translation will be performed individually for each channel,

see Figure 2,

2.0 FORMATTING

There are a few issues to be considered to format data into data
blocks. (For this discussion, we will ignore the orderwire which has
its own data structure.) They are:

Overhead

Bit Error Rate

Bit Slippage rate

Encryption
These issues often have conflicting requirements.

Part of a data block is used for bookkeeping and error control. The
longer the block, the less is this overhead. However, the block cannot
be too long because of the bit slippage rate.

At some point in time, the modem will insert or delete a bit in a
block. If this happens, all the data after this insertion or deletion
will be lost. Hence, the block length must be much less than the
inverse of the bit slippage rate (BSR). As a rule of thumb, the product

of the BSR and the block length should be less than BER/10. For
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instance, if the BSR is 10°2 and the desired BER is 107>

then the block
length should be less than 1,000 bits.

The use of encryption to ensure data privacy adds another dimension
to the consideration. If the Data Encryption Standard (DES) is used,
the cipher operates on 64-bit blocks. When a bit error occurs, the
whole data block will be deciphered incorrectly if the electronic code
book (ECB) mode is used. If the cipher block chaining (CBC) mode is
used, part of the next block will also be lost. This, although
interesting, does not really put any real constraint on the block
length. However, it may be worthwhile to format the block so that the
data portion of the block is an integer multiple of 64 bits (or the

block length of the particular encryption scheme).

3.0 SYNCHRONIZATION

It is probably a good idea for the SS to transmit a pilot so that a
high dynamics user can use it to determine and correct for its Doppler
shift to ensure proper channel occupancy. This can be accomplished by
comparing the frequency difference between a local pilot generated by
the user oscillator (whose drift is should be much smaller than the
Doppler by design) and the received pilot which is tracked by a
frequency-locked loop. The user can also use this pilot to calibrate
its own oscillator drift during periods of benign Doppler e.g. during
docking.

It is not anticipated that carrier and clock recovery will be a
major problem for the SS MA system if QPSK modulation is used. However,
the design for the low rate orderwire channel synchronization may nof be

trivial because of the low input CNR.
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APPENDIX M:

TDRSS UTILIZATION
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